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Report of the State Board of Health 

Sewerage of the Mystic and Charles 
River Valleys, 



To Che Ocfierat Court of Massachusetts : — 

The E«solveB of the General Court, under which the State 
Board of Health lias made investigations relating to sewage dis- 
posal, and has made designs for a system of sewerage for the 
Wystic and Charles Kiver valleys, are as follows : — 

[Cbap. SB.] 
Resolve relating to sewage disposal in i:he Mraxic and charleb 

EIVEB VALLEYS. 

Resolved, That the state board of heallh is hereby authorized and 
direfted to consider and report a general system of drainage and sewer- 
age for the relief of the valley of Mystic river, and so much of the vallej 
of Charlea river, if any, whose relief in the opinion of Baid board is to be 
sought in conjunction with tlie Mystic valley system, and for such cities 
and towns, or parts of cities and towns as may, in the opinion of said 
board, be beat relieved by the use of said system; and so much of the 
report of the commissioners appointed under resolve approved May 
twenty-eighth, in the year eighteen hundred and eighty-four, as relates 
to the cities and towns, or parts of cities and towns, which said board 
shall incorporate in Ihe system to he reported under this resolve, is 
hereby referred to said board for its further consideration, and it shall 
be the duty of said boaH, — 

First. To designate the cities and towns, and parts of cities and 
towns, which shall be tributary to' and embraced in the district and sys- 
tem so to be reported, aod to define the same by their report, with plans 
and maps. 

SoeoTul. To define and show, by suitable plans and maps, such trunk 
line and main branches aa it shall recommend to be constructed, with 

Third. To define the methods by which said cities and towns, or parts 
of any city or town, may utilize said trunk line and main branches aa an 
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outlet of a system of sewerage and dnunage for said respective cities 
cmd towns, and said porta of cities and towns, and to show the same bj 
plans and maps. 

Fourth. To cause sucli survejs and levels to be made aa will enable 
said board to determine witli Euxniracy tbe location and grades of said 
trunk line and main branches, and also such surveys and levels in said 
cities and towns and parts of cities and towns as will enable said board 
to determine with accuracy the methods by which said cities and towns 
and parts of cities anil towns may respectively utilize said trunk line 
and main branches and to report such methods by plans showing the 
main lioea by which each may so provide for itself a system of sewer- 
age and drainge with its outlet into said trunk lino or main branches. 

Fifth. To define the size and capacity of said tmnk line and main 
branches and the materials of which they should be constructed and 
manner of construction, and such other particulars as will enable said 
board to determine the probable expense thereof. 

Sixth. The expenses of surveys, maps and plans made to ahow t]te 
method by wliich any city or town, or part of city or town, may utilize 
said trunk line and main branches shatl be separately kept, and the 
same, showing the amount expended in each, together with tlie expenses 
of the location and grade, maps and plana of said trunk line and main 
branches, together with all other expenses in the premises, and the items 
thereof, shall be reported to the governor and council, and all such costs 
and expenses shall be paid out of the treasury of the Commonwealth, on 
bills to be approved by the governor and council. 

Seventh. Each city or town which wholly or in part said board shall 
consider should form a part of the territory to be embraced in the system 
to be reported shall be notified thereof by said board as soon as said 
board shall determine the cities and towns and parts of cities and towns 
which shall constitute said sewerage and drainage district. Said notice 
shall contain the names of the cities and towns wholly, and shall desig- 
nate the portions of the cities and towns not wholly but in part, incor- 
porated theJein, and each of such cities and towns may confer with said 
board in respect to such drainage and sewerage system, and on request 
in writing be heard by said board on matters relating to the method of 
its utilizing said trunk line and main branches and the surveys, levels, 
maps and plans to determine and show the same, and under the super- 
intendence of said board may, at its own expense, make its said surveys, 
levels, maps and plans for the use of said board ; but all questions upon 
which any city or town shall desire to be heard shall be submitted to 
said board in writing with such request. 

Eighth. Said board shall also consider whether any city or town 
within such district can more advantageously provide for itself a system 
of sewerage and drainage by itself and not as a part of said general 
system, and shall hear such city or town tliereon if it shall so request, 
and shall also make report thereof. 

Ninth. To ascertain aad report the coat of the construction of siud 
trunk line and t""!" branches and outlet, and of the annual expense of 
operating the same, and also what cities and towns, or parts of cities and 
towns, would be obliged to pump their sewage or any part thereof, at 
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what placea, the cost of the worka lierefor and ttie annual expenses 
thereof r provided, however, the whole amount espeaded under the pro- 
visions of this resolye shall not exceed tho buid of ten thousand dollars; 
and reports under the same shall be made bj the stat« boai'd of health 
to the general court on or before the first Wednesday of January, in the 
year eighteen hundred and eighty-nine. [Approved June 16, 1887. 

[Chap. 43.] 

RESOI-TB rw ADDITION to a BESOLVE BELATIKG to sewage DISF09AI. 

m THE MYSTIC AND CHAIiLES RIVER TAILETS. 

Besolved, That there be allowed and paid out of the treasury of the 
CoTOmon wealth, a sum not esceedio^ flftoen thou.iand dollars, to be ex- 
pended under the direction of the state board of health in continuing the 
investigations relating to sewage disposal in the Mystic and Charles 
river valloya aa authorized by ehapter ninety-fire of the resolves of the 
year eighteen hundred and eighty-seven ; said amount being in addition 
to the ten thousand dollars provided for in Baid resolve. [Approved 
March 22, 1888. 

ICbap. 63.] 
Eesolve pRovroraa pok forther DirESTiGATioNa relative to 

SEWAGE DISPOSAL Di TIIE MISTIC AND CHARLES KIVEK VALLEYS. 

Sesolved, That the state board of health be requested to designate 
some method for the dispoaal of the HBwage of euch cities and Kiwns as 
are embraced within the lower valley of the Charles river, in the repoit 
of the commissioners appointed under chapter sixty-three of the resolves 
of the year eighteen hundred and eighty-four, as they may not include 
in their report under chapter ninety-five of the resolves of the year 
eighteen hundred and eighty-seven, and so much of aaiii report as relates 
thereto is hereby refen-od to said toard for its further consideration. 
Such designation shall be made as a part of the report reqttired by 
chapter nine^-five of the resolves of the year eighteen hundred and 
eighty-seven, and the expense thereof charged to the appropriation pro- 
vided for in chapter forty-two of the resolves of the year eighteen hun- 
dred and eighty-eight, [Approved April 24, 1888, 

The territory whose relief ia, under these resolves, to be consid- 
ered by the State Board of Health, includes an area of one hundred 
and thirty square miles, and contains one-sixth of the popnlation 
of the State. 

Some of the (lities have more or less complete local systems of 
sewerage, discharging sewage at their borders, where it is offensive 
to their own citizens and to their neighbors, and has become, or 
is rapidly becoming, dangerous to the public health. Others of 
the cities and the more populous towns have little or no sewerage 
systems, and are waiting, with solicitude for the health of their 
people, the action of the General Coui-t in arranging for a common 
method of disposal of their sewage, being prohibited by statute, 



6 REPORT ON SEWERAGE. [Jan. 

or by coii9idcratioa9 of public health, from pouring it into the 
streams which are the natural drains of their territory ; and still 
other towns, sparsely settled, see leas need for disposal of their 
own sewage, but are much concerned for the health of their com- 
munities, because of the pollution of streams upon their borders 
by the sewage of their neighbors. 

To devise the most efficient systems of relief for these com- 
munities, and to present plans wliioh, upon careful consideration, 
would meet their approval as the best that can be adopted, required 
that the problem should be solved in all of the three practicable 
methods of solution that have met with favor elsewhere. 

These methods are ; — 

1st, The method of discharging crude sewage into a strong 
tidal current that will convey it to sea, whence it cannot return. 

2d. The method of partial purification by filtration upou the 
bed recommended by the Massachusetts Drainage Commission by 
report of Dec. 24, 1885, or upon some other bed or beds. 

3d, By chemical precipitation and discharge of the clarified 
effluent into outgoing tide at one or more points. 

The Board concluded that the genei'al consideration of each of 
these methods should be committed to a thoronglily competent 
engineer, skilled ia the particular method to be planned by him, 
and that he should take time to investigate the whole subject in 
its relation to this locality, and work, up the best plan for hia 
method of disposal. 

The Board selected Mr. Howard A. Carson, civil engineer of 
Boston, who had been the superintendent of construction of sewera 
of the Boston Main Drainage System, and went abroad with Mr. 
Davis to study the discharge of eewers into tidal cnrrents, to 
moke the investigations, plans and estimates by the first method, 
which plans and estimates for sewers, modified to meet the pecu- 
liar conditions, are used in the estimates of cost by the other 
■methods ; Mr. Phinehas Ball, civil engineer of Worcester, to make 
the investigations, plans and estimates appropriate to the second 
method ; and Mr. Charles H. Swan, civil engineer of Boston, to 
make the investigatious, plans and methods appropriate to the 
thii'd method. 

After careful examination of the possible localities for disposal 
of the sewage, Mr. Carson concluded that the best outlet for the 
discharge of crude sewage is a little west from the Beacon which 
is one-third of a mile south from Deer Island. Mr. Ball found 
that territory including and in the vicinity of that selected by the 
Massachusetts Drainage Commission of 1885 is tlie only available 
territory where auy considerable portion of tlie sewage of Mystic 
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valley can be treated by filtration ; and Mr. Swan selected as the 
most favorable for the chemical precipitation procesa an area in 
Everett, on the north bank of Myatic River, between Maiden 
Bridge aud Island End River. 

A system of iatercepting sewers was iirat designed and located 
opon the ground, and estimates of cost made, for receiving and 
conveying to each of these points of disposal the sewage from 
"Woburn, Stoneham, Winchester, Arlington, Belmont, Medford, 
Melrose, Maiden, Everett, Chelsea and East B()Bton, and one-fifth 
of Somerville and one-ninth of Cambridge, containing a popula- 
tion estimated to be 130,000 in 1890 and to increase to 300,000 in 
1930, the sewers being of safflcient capacity to serve the popula- 
tion of 1930. 

With the estimated cost of these systems of sewers by Mr. Car- 
son, and the estimates of Mr. Swan for the process of disposal by 
the aid of chemical precipitation, the chief engineer and the con- 
sulting engineer of the Board made for the use of the Board a 
comparative estimate of the coat and yearly running expenses for 
each of the three methods of di8]>03al, wbieh comparative estimate 
is here given to indicate the steps by which the Board has reached 
its final conclnsionB. 



Eslimale of Cost of Sewers for Mystia Valley for a Pronpto- 
ion of 300,000, uaett at first by a Population of 150,000. 
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These estimates show that the amotint to be paid on the cost 
and maintenaace of works, aad yearly rimoing espeoses for the 
forty yeajs for ■which the systema were designed to be adequate 
for the territory embraced, is moi-e than 50 per cent, greater for 
the method of disiwaal by chemical precipitation at Island End 
Elver and dLscharge of the clarified sewage there on the out-going 
tide, than for the method of diacharge of crude sewage into tidal 
currents at Deer Island Beacon. 

When we consider a larger population than the 300,000, and 
find that the cost of chemicals and their application and the 
removal of sludge will be as much as fifty cents per inhabitant a 
year, while the whole yeai-ly ninning expenses by the method of 
discharge at Deer Island are but one-half this amount, we must 
conclude that if a larger territory as favorably situated in respect 
to the outlet at Deer Island be included in a system discharging 
there, the resulting cost will to a much greater degree be in favor 
of the Deer Island outlet. 

This result, though not anticipated by the Board, was received 
with satisfaction, because the effluent from chemical precipitation 
in England has been found to contain nearly one-half of the 
putrescible material of the sewage, and in soma cases it has been 
found neceaaary to still further purify it by filtering it tbrough 
land before turning it into atreama. In this case it ia to be turned 
into a large body of salt water, upon which it will tend to float, 
and, on the first ebb, will be carried down to Fort Point channel, 
and with the returning tide backed into the Mystic, Chelsea and 
Charles rivers : in the first river, ueaily to the starting point, and in 
the last, about up to Craigie's Bridge. On the second ebb, the 
new discharge of clarified sewage wiil mingle to some estent with 
water containing the former discharge, so that, as Mr, Swan 
shows, there will always be the effluent from as much as one and 
one-half days' sewage in the waters about the principal wharf fronts 
of Charlestown, Chelsea, East Boston, EastCambridge and Boston. 

This effluent is expected to be nearly colorless and clear when 
discharged, and wiil probably not be recognized as sewage after 
being in the river an hour. It will probably be mingled, to some 
extent, with the water of the river and harbor throughout its depth, 
but, being lighter than the salt water, will, during its passage back 
and forth past the wbai-ves of these cities, probably be mingled to 
the greater extent with the water at and near the surface. In 
calm, moist weather we can but anticipate a marked effect of this 
surface water containing putrescihia matter in adding to the dis- 
comfort of the great number of people who breathe the muggy air 
which has slowly moved over these waters. 
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Inteicepting the sewage that dow entei-s these waters, collectiDg 
it, — together with large additions from the surrounding country, 
— treating it with chemicala which remove tlie objectionable 
appearance and present odor of sewage, but still lea^-ing ia it one 
half, more or leas, of the constituents which chemically distin- 
guish sewage from pm'e water, and pouring this back, in ever- 
iQcreasing quantity, into these rivers, Burrounded by so dense a 
population, is a scheme to which the State Board of Health would 
be unwilling to give its approval, until satisfled by experiments 
which have not yet been made that the result would not be detri- 
mental to the public health. Moreover, finding the cost of remov- 
ing the sewage beyond all habitations and turning it into the oceaa 
to be decidedly less than the coat of the questionable method by 
chemical precipitation, the Board is relieved from Eurther investiga- 
tion of the latter method, and dismisses it aa inapplicable to the 
present circumstance a. 



The ordinary quantity of sewage to be pumped daily we have 
concluded to regard as 110 gallons per inhabitant, when serving a 
population of 150,000, and 120 gallons per inhabitant when this 
population grows to be 300,000, — mafeing 16,500,000 gallons per 
day to be purapecl presently otter the eompletiou of the works, 
and 36,000,000 gallons to be disposed of forty years later. 

The area required to filter these quantities of sewage varies 
within a very wide range, depending upon the character and the 
porosity of the filtering material and the disposal to be made of 
the effluent. 

Tlie Board has made very extended experiments upon the 
Saugus Marshes to determine the quantity of water that will go 
down through the surface when iept constantly covered with one 
or two inches of water, and underdrained at the depth of six feet, 
and the water in the drains kept from three and a half to five feet 
below the aurface. 

Experiments have also been made to learn the quantity that 
would pass through where the surface was kept covered but a part 
of the time. 

These experiments were in charge of Mr. Ball from their com- 
mencement in April till the latter part of July, when owing to ill 
health he found it necessary to discontinue work, and they were 
continued till the 1st of October in charge of Mr. Fred. Brooks, 
civil engineer of Boston, whose report is appended. 

At each of four different places on these marshes two circular 
beds were arranged witii underdrains, and dikes to prevent over- 
flow by the tide. One of these beds retained the surface of turf ; 
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the other had the turf to the thickness of four inches removed and 
the surface spaded up as if to be planted. 

Upon these beds, about fifteen feet in diameter and separated 
from the surrounding marsh by a low embankment, water was 
applied to the depth of two inches. Outside of this embankment, 
a few feet away, was a second encircling embankment ; and out- 
side of this, a third embankment. Between these embankments 
water was kept, as near as practicable, at the same height as in 
the interior area. 

At one place, intermediate between two others, a single bed 
ten feet by twenty feet was built, with the three lines of encir- 
cling embankments ; in this bed the surface of turf was retained. 

An'anging the beds in the order of the depth of peat, we give 
in the following table the quantity of water that passed through 
the surface of each when kept continually covered with water, 
while the water in the underdi*ains was kept from three and a half 
to five feet below the surface : — 



Dkpth 
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2.1 


100,000 


82,000 


8.5 


21,000 


23,000 


5.0 


3,500 


3,800 



Experiments were made at six of the beds on the marsh to see 
the effect of allowing the surface to remain dry, after each appli- 
cation of water, as long a time as it took for about two inches 
in depth of water, to disappear. The result of this intermittent 
treatment, with intervals of one to two days, continued for ten days 
or two weeks, was, that very little increase of capacity to trans- 
mit water followed such intermission ; so that during a month 
when the surface is covered with water half the time, but little 
more than half the quantity of water will flow through that will 
flow through if it be kept constantly covered. 
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The experiments of the Board upon the filtration of sewage 
by other material than peat allow that the amonnt of sewage that 
can be filtered, month after month, is very much less than the 
amount of clear water that will continually flow through the 
material of the filter. 

Most of tbe good filtering materials with which the Board 
has experimented will allow from ten times to one thousand 
times as much clear water to flow through tbem as the marsh 
surface, and will filter, giving an effluent suitable to turn into 
Fines River near a bathing beach, from less than one pei' cent, to 
more than sis per cent, of tbe amount of clear water that will 
at firat flow through them. But the material, not peat, which has 
flltered satisfactoriiy, and which is most nearly comparable with the 
marsh material, is composed of fine and coarse sand and a little 
fine gravel, overlaid by about twenty inches in depth of yellow 
loam and brown soil- This material allowed three times aa much 
clear water to pass through it as the average of the m.irsh, and 
for a time filtered satisfactorily for the pui'poae there required 
one-third as much sewage as it at firat passed of clear water ; but 
this quantity of sewage grow less by the choking of the surface, 
until but one-twentieth as much would pass as originally of clear 
■water. Then the snrface was scraped off to Hie depth of half aa 
inch, wh«n it filtered readily and satisfactorily a quantity of 
sewage equal to one quarter of the original quantity of clear 
water ; but this quantity gradually grew less and in one month 
flltered but one-eighth of the original quantity of clear water. 

These results induced the Board to make esperimenta to deter- 
mine, as near as practicable in the time at its disposal, the amonnt 
of sewage that can be flltered by material taken from tbe marsh 
at the location of the four double beds above described. When 
digging the drain between the two beds at each place a pillar 
of the material two feet square and five feet high was left ; and 
this was carefully cut in layers sis inches deep and placed in 
order in boxes, which were taken to the experimental station at 
Lawrence ; and each layer was carefully cut to a circle twenty 
inches in diameter, and the bottom layer was placed in a galvan- 
ized iron tanit twenty inches in diameter, upon a bed of six 
inches of coarse and fine gravel and coarse sand, which served aa 
an underdrain; and each layer from the marsh was placed above 
this, in its order, filling the tank to the depth of five feet. Four 
tanks, filled in this way, represented aa nearly as practicable the 
actual condition of the material in the marsh at tbe four localities. 

Sewage has been a[>plied to tlie peat in these tanks in such 
quantities as it would receive, for six and seven mouths, with 
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results which are given in much detail because of their importance 
in deciding the question of the practicability of filtering sewage 
through a layer of peat. 

Tank No. 1 of material from Saugus Marsh, having one and 
a half feet in depth of peat, with the peaty sand and clear sand 
below, making a total depth of five feet, being completely under- 
drained, was supplied with sewage, keeping the surface covered 
continually with a depth of about five inches, for three months, 
with the following result : — 

• During the first month the flow from 

bottom of tank was at the rate of 22,000 gals, per acre per day. 

During the second month, at the rate of 16,000 " " " " " 

During the third month, at the rate of 9,200 " " *• *' " 

During the fourth month the sewage on the surface, five inches 
deep, was allowed to settle away and disappear, which it did in 
twenty-eight days. The quantity flowing out decreased to 5,000 
gallons on the fifth day, and on the day before sewage disap- 
peared from the surface the quantity flowing was but 2,400 
gallons per acre. For the next three weeks about the quantity 
which came out was applied intermittently, allowing the surface 
to become uncovered after each application, and the quantity 
flowing out decreased to 1,200 gallons^per acre per day. At the 
end of this time the surface dried sufficiently for the mass of 
peat to shrink away from the sides of the tank, leaving a crack 
through which liquid could flow down freely for some distance, 
so that the quantity increased for a week to 1 1 ,000 gallons per 
acre per day ; but by keeping the surface continually covered, the 
peat again swelled and the crack filled with slime, and the average 
daily outflow for the sixth month was 5,200 gallons, decreasing 
in the latter part of the month to 3,600 gallons, and during the 
seventh month the average daily flow for three weeks was 3,000 
gallons, decreasing to 2,400 gallons per acre per day. 

It is evident that the sewage came through this material, for 
the chlorine from the salt marsh decreased in the first two months 
from 1,200 parts in 100,000 to 75 parts, and has since decreased 
to 31 parts. The ammonias, being in the first sample 0.10 parts 
in 100,000, decreased nearly in proportion to the decrease in flow 
in two months to 0.02 parts, and have since increased and aver- 
aged during the past month 0.26 parts. 

The effluent is now suitable to turn into an arm of the sea near 
a bathing beach, but as no nitrification takes place it is probable 
that the filtering material is storing up ammonia that will come 
out later, rendering the effluent objectionable. Keeping the 
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surface cont'innally covered with sewage, as in Lbe earlier experi- 
' ments, the siirface becomes covered with a. disagreeable slime, 
whicb, on account of the very slow percolation of the liquid, 
accumulates rapidly, and, no doubt, haa the effect to close up the 
interetices of tlie peat aad cause the amount flowing through to 
decrease so rapidly. But the clioking of the surface appears ia 
the later experiments to be more complete when the water is 
I allowed to drain out of the elime after it has been deposited. 



Saugue Marsh tank No. 3, which had a depth of two and a half 
'eet of peat overlying peaty sand and sand, was treated with sew- 
age at the rate of 30,000 gallons per acre per day for three 
months, which flowed through with the slight decrease attributable 
to evaporation. This quantity did not keep the surface continu- 
ously covered. The quantity was increased to G0,000 gallons, 
which disappeared for three days and then began to accumulate 
upon the surface, and iu the nest two weeks an average flow of 
45,000 gallons ensued ; but the quantity flowing was growing less, 
and 30,000 gallons applied accumulated upon the surface. Then 
for two weeks 20,000 gallons, applied dally, accumulated, and all 
application of sewage was stopped until that upon the surface 
should disnppear, which occurred in seven daya, in which time the 
average flow was at the rate of 15,600 gallons per acre per day. 
During the nest week the rate of 11,400 gallons per acre did not 
keep the surface continually covea-ed ; but a daily appUcation for 
the next foui' weeks of 12,8G0 giLllons per acre kept the surface 
continually covered, and the efliueatwas at the rate of 12,000 gal- 
lons per acre per day, with no indication of probable change. 

The chlorine dissolved out of the salt mai'sh material was at first 
in the effluent, GOO parts in 100,000, but in six months decreased 
to 2i parts. The ammonias, at flj'st about 0.10 parts, increased 
in four months to 0.40, and in the sixth month have reached 
1.37 parts ; and as no oxidation or nitrlQcation takes place in this 
material, it is probable that the iinpurltles of the effluent will con- 
tinue to iuci'ease until it becomes as impure aa crude sewage. 



Saugns Marsh tank No. 4, which contaiued three and a half 
of peat, underlaid with peaty sand and sand, was kept covered 
with sewage which settled into the peat ; and water held by the 
material flowed out from the bottona at the following rates per acre 
per day: 16,000 gallons the first month ; 7,400 gallons the second 
month; 6,000 gallons the third month; 3,600 gallons the fourth 
month ; 4,000 gallons the fifth moath, and 3,000 gallons the sixth 
month. 
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That some liquid from the sewage has also reached the bottom 
of the tank is evident from the recent rapid decrease in the salt- 
ness of the effluent. The chlorine of the effluent was 1,800 parts 
per 100,000 the firat month; 1,750 the second month; 1,300 the 
third month ; 826 the fourth month ; 435 the fifth month, and in 
the sixth month has decreased to 202 parts. 

The ammonias of the effluent, at first 0.1200 parts in 100,000, 
decreased in the fourth month to 0.0430 parts, and have since been 
increasing up to 0.2230 parts in the sixth month. There is little 
change in the nitrates. 

Tank No. 5 of Saugus Marsh material contained five feet in 
depth of peat mixed with some very fine sand and some clay. 

During the first month, when kept continually covered with 
sewage, the effluent was at the average daily rate of 3,400 gallons 
per acre. In the second and third months it averaged 3,000 gal- 
lons per acre, and after applying the sewage intermittently during 
two weeks, in which the surface was uncovered as much as half 
of the time, and again keeping it continuously covered, the flow 
averaged but 360 gallons per acre per day for one month, and 200 
gallons per acre per day for the next month. 

The saltness of the effluent has not decreased. The chlorine 
was at first 2,300 parts in 100,000, and in three weeks rose to 
2,600 parts, at which it has continued for four months and a half. 

The ammonias have remained almost constant at 0.60 parts, 
and there is no indication that any of the sewage applied has 
reached the outlet. 

Experiments have also been made by the Board, through nearly 
a year, upon a tank filled with fresh water peat taken from a cul- 
tivated field. The tank is seventeen feet in diameter and con- 
tains on the bottom underdrains and a bed seven inches deep of 
coarse gravel, fine gravel and coarse sand, upon which rest five 
feet in depth of this peat. This material was at first completely 
saturated with water, by cutting it up fine and sprinkling it into 
water standing in the tank. 

The space occupied by the peat and water was iibout 8,500 
gallons. When the outlet was opened, about 700 gallons of water 
in one week flowed out of the peat, which settled into the space of 
about 8,000 gallons. The peat then contained probably as much 
as 6,000 gallons of water. 

The quantity flowing out decreased in a month to about 25 gal- 
lons a day, or at the rate of 5,000 gallons per acre per day, 
although the surface was kept covered with water. 
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At the end of one aod a half months, sewage was applied and 
kept continually upon the surface. At first, the flow from the tank 
was at the rate of 4,000 gallona per acre per day. This, in thi'ee 
months, was reduced to 2,000 gallons ; after which it decreased bnt 
little ! and at the end of ten months the flow is a little less than 
at the rate of 1,700 gallons per acre per clay, which is but about 
one-half of the average daily rainfall upon the same surface. 

With 6,000 gallons of water in this mass of peat when sewage 
was first applied to the surface, it is eyident that nearly all of this 
quantity mast flow out before any of the sewage can reach the 
bottom. With the outlet oontinaaJly open, only 3,000 gallons of 
water have flowed out in the ten months since the sewage was first 
applied ; from which we may conclude that the sewage has now 
reached about half way down the tank, Chereucal analyses of the 
ciHuent indicate that no sewage has reached the outlet. 

The chlorine is no greater tiian it was when flowing at the same 
rate four months ago, and is but lifty per cent, greater than when 
river water was flowing througli at three times the present rate. 
It ia now less than one-quartei- of the chlorine of the sewage. 

The niti'ates remain the same as those of the water in the tank 
into which the peat was sprinkled, and there is no room to doubt 
that some of the water applied to the tank a year ago still lingers 
in the lower layers of the peat. 

From these experiments we make the following summary : — 

Table of QuaniUiea of Water and of Betaage that floioed down through 
Saugug Marsh Material at the Marsh and in Tanks at Lawrence where 
the Surface was kept continually covered with the Liijnid. 



Dspth of Put 


UDdcrdrainod U«-h. 


Bewage Hpplted to Ibe uma UalsrUI at 


^.. 


Arpfi".^. 


OmlloDi per Aers per Dkf. 


1.5 


36,000 


22,000 the first month ; decreasing to 
'?,400 ia the eeveuOi month. 


2.fi 


66,000 


45,000 for two weeks ; decreasing to 
12,000 in the third month. 


S.fi 


22,000 


16,000 the first month ; deci-easing to 
3,000 in the sixth month. 


6.0 

6.0 of 

FreihWnter 

vUch hB<l b«CD 
fJuimatecl. 


3.600 


S,400 the first month; decreased to 
200 in the fifth month, 

4.000 the first month; decreased to 
1,700 in ten mouths. 
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There is good reaeon to conclude that the Bow through the 
material where the depth of peat was two and a half feet was 
exceptionally large, — probaWy ciiic to the pecniiar growth. Upon 
digging lip the material at the marsh, after the experiments were 
concluded, it was found to hare a much larger numl>er of roots 
than the other beds, and the peat became sandy at a less depth 
than the sample taken between, this area and the spaded area. 
The bed in this material which was spaded up allowed but one- 
third as much water to pasa through as the bed in which the sod 
was undisturbed. 

Excluding this sod area whlcb allowed so large a quantity to 
poBS through, and exclnding areas where peat wau five feet deep, 
which allowed mucti less than the nsnal rainfall to pass throngh, 
we find that the marsh areas, including both sod area and spaded 
area, where peat was 1.5 feet to 3.5 feet deep, allowed about 
30,000 gallons per acre per daj of clear water to pass tbrotigh. 
but that after applying sewage from five to seven months, only 
2,600 gallons of sewage per acre per day would pass through, — 
an amount which is leas than the annual rainfall npon the filtering 
area, — thus rendering the tract practically inoperative as an area 
for filtering sewage. 

Finding that the turf of the peat 2.5 feet deep both at the sta- 
tion on the marsh, and when placed in the tank at Lawrence, 
allowed more water to pass through it than would be expected 
from the esperimenta upon other sections, it was thought that 
a pecniiar growth of roots, or decayed roots might form channels 
of communication from the surface to the open sand beneath the 
peat. To test this, and to determine the effect of a small depth 
of peat upon a substratum of good filtering sand after the peat 
had been thoroughly worked over and pulverized, a section one 
foot in depth was taken from the same place on the marsh where 
the peat was 2.5 feet deep, and was cut juat the diameter of the 
tank and thoroughly pulverized like garden soil, and put on top of 
the sand of filter tank No, 1 1 at the Lawrence experimental sta- 
tion. This sand had been filtering sew.age at the rate of 30,000 
gallons per aci'e per day, giving an effluent with but little more 
organic impurity than that of the water flowing in the Merrimack 
River. The ammonias for the last month had been .0233 parts, 
and the nitrates were 1.5 parts in 100,000. 

The sand was filled with sewage and the pulverized peat put on 
top of the sand, and sewage poured npon it till it was saturated. 
The outlet was then opened and tiie whole allowed to drain for ten 
days, after which, the surface being kept covered with sewage, 
30 gallons per acre per day. It decreased in one 




'•] 



SENATE — No. 8. 



17 



weelv to 2,400 galloaa per acre per day, at about which rate it 
continued to flow for one mouth. During the second month the 
quantity averaged 1,900 gallons daily. The nitrification waa very 
active with the sand alone. The nitrates, farming 1.5 parts, were 
reduced upon adding the peat to the surface, and continued for 
the first month at 0.03 parts. The nitrites, which, with the sand, 
were 0.003 parts, increased directly to 0.100 and continued for the 
first month to increase to 0.325 paJts ; while the ammonias, which, 
with the sand, were 0.023, with the peat increased to 2.6G0, or 
nearly as high as in the applied sewage. 

During the second month, the chlorine of the effluent increased 
to 600 parts, the nitrates averaged .5625 parts, the nitrites aver- 
aged .5875 parts, and the ammonias averaged 2.1988 parts, which 
was 63 per cent, of those of the applied sewage. 

The free ammonia was 2.1375 parts and the albuminoid am- 
monia 0.0613 parts per 100,000. 

This peat was found by experiment to contain when saturated 
SO per cent, of its balk of water. When free to settle, after being 
pulverized, it continues, when underdrained, to hold such a body 
of water that it appears to be impossible for air to get through 
it to allow oxidation or nitrification of the liquid, which moves 
tlirough it at the slow rate of atout four inches ia depth ia a 
month ; but we find, as given above, that in the second month some 
nitrification does take place, but this is of effluent which has prob- 
ably been at least a month in coming through the sand beneath 
the peat, and is there nitrlfled by means of air which enters 
through the underdrain. To prove whether this were the case, a 
water trap waa, at the end of the second month, put into the under- 
drain to check the free fiow of air through it, leaving it in the con- 
dition of a marsh ai'ea when the undei-drains are filled with water. 
This bas caused the nitrates to decrease rapidly ; but time has 
not been sufficient to materially cliange the organic impurities. 

This sand, four feet deep, was filterbg sewage most satisfactorily 
at the rate of 30,000 gallons per acre per day, but upon covering 
it with one foot in depth of pulverized peat, once saturated, the 
quantity that can bo made to flow through the five feet is but 1,900 
gallons per acre per day, and the efiluent is very nearly crude 
sewage. 

This 1,900 gallons per acre is but one-fifteenth of an inch in 
depth, and is less than the evapor.ation ; in fact, the amount 
applied to the surface was more than twice as much as passed 
through. If an area of this peat thus pulverized were bounded by 
an impervious dike, so that none of the rain falling upon it could 
flow off over the surface, it would be kept covered with rain water 
for more than eight months of the year. 
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The experiments upon this material prove to the Board that aa 
area of sand covered with peat to the depth of even one foot is 
unsaitable to be used for a filtration area. They indicate that if 
80 used the surface will become covered with a slime whiub will 
prove a nuisance ; that sewage applied to simh an area in wiater 
will have to remain so long upon the eurfaee that it will freeze 
and the whole become inoperative ; that under the most favorable 
cii'cam stances the quantity of sewage which can Bow through the 
peat is BO small, and the effluent so little improved by passing, that 
it is not cspedtent to use it for this purpose ; and tliat the only way 
to render such an area suitable for filti-ation is to remove the peat 
entirely from the sand and apply the sewage directly to the sand. 

To remove peat from the marsh surface to the depth of one foot 
would cost as much as four hundred dollars per acre, which indi- 
cates that it would be u are as on able to consider the practicability 
of using the marsh for filtration where there is more tbau one foot 
in depth to be removed. 

The whole area of the Saugus Marahes, where the depth of peat 
is not more than one foot, shown upon accompanying Map No. 4, 
ia about 428 acres, of which about sixty acres are in detached 
pieces, and the remainder is in three distinct areas. 

One of theae, soutinveat of Fines River, near Lioden Station, 
contains about one hundred acres with peat six inches to a foot 
thick, underlaid with saad. Over about one-half the area the sand 
is very compact, and allows water to percolate very slowly. 

Another section, in the vicinity of, and including the Franklin 
Trotting Park, contains about one hundred aud tijrenty acres, with 
peat from six Inches to a foot deep, much of whlcli is underlaid 
with perhaps six inches of peaty sand, below which over three- 
quarters of the area is open sand, which alone at a proper height 
above tide water would be good filtering material. The other 
quarter of the area has, beneath, a compact material which allows 
water to percolate very slowly. 

The third section contains about one hundred and fifty acres and 
is on either side of Bristow Street but mostly north of it. This 
area is of better material than the others, about thirty acres 
of it being from two t<) four feet above the marsh level and 
covered with soil containing some peat, with very open sand below. 
This could be nsed advantageously for filtering, but It is also 
valuable for agriculture, for which it is said to be worth three or 
four hundred dollars per acre. Adjacent land is laid out into 
streets with sewers. This section of one hundred and fifty acres is 
Bubjected to a mean height of water greater than the remainder of 
the marsh, owing to the dam of the Newhall tide mill, which allows 
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The experiments upon this material prove to the Board that an 
area of sand covered with peat to the depth of even one foot is 
unsuitable to be used for a filtration area. They indicate that if 
so used the surface will become covered with a slime which will 
prove a nuisance ; that sewage applied to such an area in winter 
will have to remain so long upon the sui*face that it will freeze 
and the whole become inoperative ; that under the most favorable 
circumstances the quantity of sewage which can flow through the 
peat is so small, and the effluent so little improved by passing, that 
it is not expedient to use it for this purpose ; and that the only way 
to render such an area suitable for filtration is to remove the peat 
entirely from the sand and apply the sewage directly to the sand. 

To remove peat from the marsh surface to the depth of one foot 
would cost as much as four hundred dollars per acre, which indi- 
cates that it would be unreasonable to consider the practicability 
of using the marsh for filtration where there is more than one foot 
in depth to be removed. 

The whole area of the Saugus Marshes, where the depth of peat 
is not more than one foot, shown upon accompanying Map No. 4, 
is about 428 acres, of which about sixty acres are in detached 
pieces, and the remainder is in three distinct areas. 

One of these, southwest of Pines River, near Linden Station, 
contains about one hundred acres with peat six inches to a foot 
thick, underlaid with sand. Over about one-half the area the sand 
is very compact, and allows water to percolate very slowly. 

Another section, in the vicinity of, and including the Franklin 
Trotting Park, contains about one hundred and tjventy acres, with 
peat from six inches to a foot deep, much of which is underlaid 
with perhaps six inches of peaty sand, below which over three- 
quarters of the area is open sand, which alone at a proper height 
above tide water would be good filtering material. The other 
quarter of the area has, beneath, a compact material which allows 
water to percolate very slowly. 

The third section contains about one hundred and fifty acres ftod 
is on either side of Bristow Street but mostly north of it. TUs 
area is of better material than the others, about thirty atfefl 
of it being from two to four feet above the marsh level »ni 
covered with soil containing some peat, with very open sand bdoir. J j 
This could be used advantageously for filtering, but it is 
valuable for agriculture, for which it is said to be worth three « 
four hundred dollars per acre. Adjacent land is laid out 
streets with sewers. This section of one hundred and fifty acre 
subjected to a mean height of water greater than the remainde 
the marsh, owing to the dam of the Newhall tide mUl, which a) 
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a, range of water from high tide to only three or four feet below 
the Burfaee of the marsh. 

The coat of the land and the removal of peat from these tracts 
would prohably exceed five hundred dollai's per acre. Diking, 
Kuderdraining, preparing carriers from the pumping station and re- 
turning di'ains to the pumping station, would probably exceed six 
hundred dollars more per acre. An indefinite, but considerable 
expense, must be incurred in diverting and pumping rain-faU coming 
from surrounding higher land. The coat of pumping ground water 
and sewage effluent, after the sewage is filtered, would be mut'li 
larger than was estimated when it -was supposed that the marsh 
material would serve as a. filter, and the whole was to ba used in 
one area. And the most that can be expected of the three areas 
would be the fllti'ation of 20,000 gallons a day per acre on 370 
acres, or 7,400,000 gallons, which, nt 110 gallons per inhabitant, 
would serve for 67,000 people. 

The eircumstanccs are so unfavorable that it ia not necessary to 
carry the investigation further to see that the expense of prepara- 
tion and yearly maintenance would be so great as to exclude the 
use of these areas for filtering the sewage even of the adjacent 
towns of Maiden, Melrose, Everett, and Eevere, which, in forty 
years, would tax the area to its full capacity. 

We have to conclude, then, from the additional information 
obtained by the experiments and investigations of the past yeai', 
that the Sangua Marshes will not serve for a filtering area for the 
sewage of the Mystic Valley ; and as there ia no other area avail- 
able for filtering this sewage, its disposal by filtration must be 
abandoned. 



THE NORTH METROPOLITAN SEWERAGE SYSTEM. 

We have hitherto considered systems including only the towns 
[ of the Mystic Valley, together with East Boston and Winthrop, 
From a study of the present demands upon the Boston Main 
' Drainage Works and of their future resources, made by the Chief 
r of the Board, we find that if the sewage from so lai'ge a 
population as that of Cambridge, Somerville, and Charleatown be 
added to that of the district which these works were designed 
to serve, the limit of their capacity will be reached within twenty 
years. 

The Boston Main Drainage Works, — so admirably adapted to 
^H dispose of the sewage of the territory bounded by Ch.arles River, 
^B Mother Brook and Nepouset River for many yeara, to be relieved 
^^L when necessity requires, and still serve for Llie long future the low- 
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lying pai-ts of this territory, by divertiDg the sewage of the high 
parts of the district through other cbaanola not requiriag pumping, 
— wonld, by the additioa to this territory of so large and populous 
low-lying districts as these cities contain, be overtaxed in a way 
which ooiild be pevmanently relieved only by the duplicatiou of 
the most expenBive parte of tlieae works. 

lu consoquence of this the Doa-rd has made careful study for a 
system of sewers, inclndiug Cainltridge, Somerville and Charles- 
town with the towns of the Mystic Valley. 

Lookinguttbe natural couditious, we find Somerville ondCharles- 
towu a little nearer to the outlet at Deer Island, by a practicnble 
route for a sewer, tbau tbey are to Moon Island j and Cambridge, 
a little farther than from Moon Island; but from investigations 
made in considering the Mystic Valley system it appears probable 
that the greater distance of Cambridge will be more than compen- 
sated by the smaller cost of the Deer Island route. 

For the system now to be considered, inclndiug the towns of the 
Mystic Valley, together with Camliridge, Somerville, Charlestown, 
East Boston and Wlutlimp, which we designate tbe North 
Metropolitan Sewerage System, the ouly reasonably practicable 
method of disposal is, the discharge of crude sewage into the sea ; 
for the metboil by chemical precipitation, which was too espensive 
for adoption, as compared with this method, when considering 
the smaller territory, wonld be so to a much greater degree when 
a territory containing double the population is included ; and the 
method by filtration upon land cannot be adopted, because there 
is not snfBcient land available tQ filter one-eighth of thesewage. 

We have then first to consider where into the sea, and under 
what conditions, this quantity of sewage can be poured, at a 
reasonable cost, with the least resulting discomfort. 

Careful study of the tidal currents has been made by running 
floate from Shirley Gut ; from Faun Bar Beacon, which is thi-ee- 
quurters of a mile east from Deer Island ; and from Deer Island 
Beacon, which is one-third of a mile south from the southern- 
moat point of Deer Island and in the north edge of the main ship 
channel. 

For the quantity of sewage to be discharged from the North 
Metropolitan District, the currents at Shirley Gut are of too short 
duration and would not carry the sewage beyond adjacent flats. 
Either of the other sites may be used, but more satisfactory dis- 
persion of tbe sewage, — because of stronger currents, — and less 
cost in constrnction, render Deer Island Beacon preferable. From 
this locality floats have been run at all stages of tbe tide to deter- 
mine tbe course that sewage will take if dischai'ged bei'e. 
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From the patbs of these floats it ia evident that sewage dis- 
L-harged in any desired quantity, Ci-om one hour before high tide 
to four hours after, will not approach any shore where it can give 
the least offence. It will be carried to sea through the north and 
south cbannels never to return. 

Careful study has also been made of the reaalts that may be 
expected if the aewage be discharged here continuously through 
the twenty-foar houra. In this study obserTationa were made 
upon the sewage discharged at Moon Island, where the rate 
of outflow during the time of discharge may be called fifteen 
times that of the continuous flow at Deer Island. 

From Moon Island the sewage flows away with the tidal 
current at the speed of about one mile per hour and spreads to 
a width of about three thousand feet. One-fifteentb of this 
quantity discharged continuously at Deer Island, flowing with 
a tidal current having a greater velocity, will evidently spread 
to a much less width. If it spreads to one-sixth the extent, or to 
five hundred feet, the layer of sewage upon the salt water will be 
much thinner than that from Moon Island, and will more quicfely 
become dissipated. Assuming this to be the width, plottings 
have been made to sliow, from the paths taken by twenty floats 
stai-ted at differeot tiraee daring the riaing tide, the probable 
position of the successive areas of sewage starting from the 
proposed outlet on each hour before and after low water, as they 
would be at one hour from the time of starting and at two hours 
from the time of starting. 

These plottings are presented uixin the accompanying map of 
the harbor fNo, 2), on which the darker shade represents the 
position of the aewage within the Qrst hour, and the lighter shade 
the position within the second hour after starting. As the direc- 
tion of the current ooutinually changes, the sewage delivered 
between the hours will be distributed over the whole area between 
the paths of the floats started upon the hour, as shown by the 
dotted areas. 

The front of the body of sewage at two hours from the time 
of starting will, from esperien<;e at Moon Island, be entirely 
obliterated, and no appearance of sewage can bo recognized 
farther away than the shaded area upon the map indicates, unless 
it be an occasional grease-ball or soma other small Boating 
substance that has escaped through the racks above the pumping 
station. 

At the Moon Island outlet of the Boston Main Drainage 
System tlie sew^e collected in eleven hours is generally dis- 
charged in a body in about half an hour, and, as stated alxire, no 



sewage is lo be fouuil in the tidnl ciu'reot into which it enters two 
hours after it leaves tbe sewer. That we miglit make observa- 
tious and reach just coDcluaioDs la regard to a stream of sewage 
dischai^iug eoatinoouslj, the ofBcers io charge of the Boston Main 
Drainage Works kindly co-operated with the Board by discharging 
continuously, on a falling tide, for four hours, about 1,500, GOO 
gallons per hour, the equivalent of 86,000,000 gallons per day, 
which is the amount estimated to be dischai'ged at Deer Island 
oatlet when the populaiion is between 300,000 and •100,000. 

When sailing in the stream of sewage, or on tbe leeward aide 
of it, from near the outlet of the sewer and for a distance of half 
a mile along the stream, the odor of the sewage was disagreeable. 
Continuing in the stream of sewage beyond tbis distanoe the odor 
was noticeable for a time, but before rcaehing the distance of 
three quarters of a mile from the outlet of the sewer the odor 
could not be distinguished. At this distance, however, the color 
of the water was distinctly different from the blue of sea water, — 
it was more oiiaqne and browner. But there was nothing, at this 
distance, with wind blowing up stream toward the outlet of 
sewer, eitber in appearance or odor, that was in the least objec- 
tionable. The appeai-ance of the water here was like that in the 
npper harbor in midstream, between the Ciinanl wharf and the 
New York and New England railroad docks. 

By the color and stillness of the surface the area containing 
sewage could be distinguished for a quarter of a mile farther, or 
at a distance of one raile from the outlet ; but no odor could be 
distinguished, and there was no disagreeable appearance. 

At one mile and a quarter a narrow atrip of smooth water and a 
slightly opaque character of the water, — seen only upon very 
careful examination, — indicated an effect from sewage ; but at 
one and a half miles from the oatlet no trace of the sewage could 
be seen, although floats which started with the sewage had gone 
fai' beyond. 

To present this subject with more definiteneas than can be con- 
veyed by recording the observations of individuals, samples of 
the water taken from the middle of the stream of sew^e were 
subjected to most careful chemical tests, in comparison with the 
fdjacent salt water which was unaffected by this sewage, and with 
the salt water of the inner harbor. 

Samples of the sewage throughout the stream of observable 
sewage and beyond were taken within eight inches of the surface, 
after the stream had flowed in nearly the same place for three 
hours, and were subjected to chemical analysis with the following 
results : — 
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From these analyses it appears that in the stream of sewage at 
foiu hundred feet from the outlet of the sewer the upper eight 
inches in depth was about one-half sewage. At 1 ,C00 feet distant 
it contained about one -eigli teen th of its bulk of sewage, and at 
3,200 feet, or live-eighths of a mile distant from the outlet of the 
sewer, the ammonias indicated tbe amount of sewage added to be 
but 1 per cent, of the volume of the water, and the same amount 
aa found iu mid-stream at the ovossing of North Ferry to East 
Boston. Beyond this distance the amount of ammonia added 
became about one-half of 1 per oent at a mile, and less than one- 
tenth of 1 per cent, at one and foar-flftha miles from the outlet. 

These results confirm those of dkect observation. With the 
ordinary wave motion at this place, a mile from the outlet, the 
amount of sewage remaining neai- the surface of the water is so 
small that no disagreeable appearance or odor can be recognized. 

From these experiments and tbe position of the currents shown 
upon the map. it is evident that the sewage dischai'ged continu- 
ously at Deer Island Beacon will not reach any shores, nor lodge 
upon any flata that are exposed at low tide, nor come into the neigh- 
borhood of any dwelling, nor of land that is capable of being used 
for dwellings in the future, unless it be on a portion of Deer lal.tnd. 

To guard against deposits of beavy material near the proposed 
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oatlet, provision has been made in the designs, and the cost of 
operating included in the estimates, for removing at each of the 
pumping stations and at the river crossings whatever material of 
this kind may get into the sewers. 

This material will come principally from the street washings of 
the cities which now have the combined system of sewers, and 
will be removed, by sandpumi^s or other contrivances, from places 
where it has been allowed to settle. 

The outlet at Deer Island Beacon is directly into a tidal current 
more than fifty feet deep, in which the velocity of more than two 
and a half miles per hour is much greater than that in the sewer, 
and the scouring effect of the currents, reversed twice daily, will 
readily remove everything which the sewer can bring there. This 
conclusion is confirmed by the experience at Moon Island, — where 
the maximum velocity of the tidal current is much less, — given 
in the annexed report of the chief engineer of the Board. 

As a result of this study, the Board has concluded that it is 
advisable to construct the sewage works to discharge continuously 
the comparatively small stream of sewage as it aiTives at the out- 
let Should the time ever come when such a discharge proves 
objectionable, and the objection can be removed by holding the 
sewage back for one, two, or 'three hours after low tide, the capac- 
ity of the sewer between East Boston and the outlet will 
for several years be sufficient to allow of such storage during the 
hours named ; and if it becomes desirable to store the sewage 
through the incoming tide and discharge it only when the outgoing 
tide will carry it directly to sea, a reservoir can be then built on 
Deer Island as well as at the present time ; but the Board does 
not anticipate the need of such a reservoir. 

In the Resolve, Chapter 95, of 1887, two classes of sewers are 
designated. One class, called " The trunk line and main branches," 
is to be located, and its probable cost of construction and annual 
expense of operating are to be determined. The other class, ex- 
pressed by the words, " The main lines by which each city or town 
may provide for itself a system of sewerage and drainage, with its 
outlet into said trunk line and main branches," is to be located, 
but the cost is not to be estimated. 

The intention of the General Court as to what should be in- 
cluded in each class has been a subject of careful consideration by 
the Board. The words of the Resolve appear to imply that the 
special system for each city or town should include all the main 
lines of sewers built for the sole use of that city or town and 
lying within its own territory, in which case the general system of 
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of Boston. Here it receives two flfteen-inuh branches from Wo- 
burn, and ooDtiauea along Abbajonn Kiver in Winchester — by 
the sewer already built and by new worit in Medford — to West 
Medford, where its grade is eight feet above low tide, and diame- 
ter ia 3 feet 2 inches. Here it receives sewage from the Alemife 
Brook branch, and continues throngh Medford Centre and Wel- 
lington to Maiden River, with diameters increasing from 4 feet 4 
inches to 5 feet, and the bottom of the sewer reaches the level of 
low tide. Passing under Maiden River by two iron pipes 30 
inches in diameter, which are depressed about 6 feet below the 
general line of the sewer, it continues 5 feet id diameter through 
Everett to tho Saugus Branch Railroad. Here it is met by the 
branch from the eastern part of Stoncham throngh Melrose and 
Maiden, bringing the sewage of these towns and having diameters 
tucreasing from 10 inches to 3 feet and 4 inches. The main 
sewer goes on 5 feet 6 inches in rliaracter to Bmadway in Everett, 
where it receives from the south the Cambridge branch and ia 
enlarged to a diameter of 8 feet and 2 inches, with the bottom 
6.3 feet below low tide. It then continues about two miles and 
one-third through Everett and the western and southern part 
of Chelsea to Eastern Avenue, having its diameter increased to 
8 feet 5 inches, Here a braneli cornea in along Eastern AvenQC, 
bringing the sewage from the northern and eastern parts of Chel- 



The Chelsea River is then crossed by two lines of cast-iron pipe 

4 feet in diameter, situated between the highway and railroad 
bridges. The brick sewer then -continues to Addison Street, re- 
ceives the main intercepting sewer of East Boston, is enlarged to 
a diameter of 9 feet, and, crossing the Boston and Albany Rail- 
road, reaches the East Boston Pumping Station with the bottom of 
aewer 12.8 feet below low tide. 

The sewage of all the towns through which the raarn sewer has 
passed — in fact, of all the towns north of Mystic River — is 
received and brought to East Boston without pumping. 

Of the cities and towns south of Mystic River, the sewage of 
Arlington and Belmont and the west end of Cambridge and 
Somerville, and a small section of Medford, brought by tlia Ale- 
wife Brook branch, with diameters from 1 foot 6 inches to 3 feet 
2 inches, will be pumped the height of about 14. C feet into the 
main aewer ; and the sewage from Charlestown and from the 
larger part of Cambridge and Somerville and, a small part of Med- 
ford will be brought by the Cambridge branch, which, starting at 
Mt. Auburn Street in Cambridge about 6 feet above low tide with 
a diameter of 2 feet, borders Charles River, with increasing diam- 
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eter, and crosses over tbi'oiigh Somerville to a pumpiug station 
at the south end of Maiden Dridge on Mystic Elver, receiving 
branches from CUarlestown and Medford, and (ittaining a diam- 
eter of 6 feet 8 inches, with its hottom 11 feet 7 inches below low- 
tide. The sewage is here raised by pumping 14.4 feet, and is 
conveyed nndcr Mystic liiver by two iron pipes 40 inches in 
di.imeter, and continued in a brict sewer G feet in diameter to the 
main sewer in Everett. 

At East Boston the sewage of all the towns except Winthi-op 
is pumped to the height of about 15.9 feet and conveyed in a 
brick sewer 9 feet in diameter, having its invert 3.1 feet above 
low water at the upper end, and passing through Breed's Island 
and Winthrop to another pumping station on Deer Island, distant 
about five miles, where the invert is about 8 feet below low tide. 
Belle Isle Inlet and Shirley Gut are each crossed by two iron pipes 
4 feet in diameter. 

At Deer Island Pumping Station all of the sewage is to be 
pumped a height varying with tlie height of tlie tide, — from 10 
feet to 14 feet. It is conveyed along the island 1 ,000 feet through 
a sewer 6 feet wide and of varying height, and then through two 
iron pipes 4 feet in diameter buried on the harbor side of the bar 
below low water for a distance of abont 2,000 feet, and rising 

I near the end to a few inches above low tide at the outlet, whicli 
is a little west from Deer Island Beacon. Here, on the north 
border of the main ship channel, the ends of the pipes will be 
encased in a. heavy wall of masonry, off against which the bottom 
rapidly slopes to a depth of more than 50 feet below low tide. 
In twenty-five or thirty years the system will need to be enlarged 
by an additional siphon pipe at Belle Isle Inlet, and one at Shirley 
Gut, each 4 feet in diameter, and by an additional outlet pipe at 
Deer Island, also 4 feet in diameter, and by additional j 
machinery. In other respects the system is at first to be c( 
structed of ample capacity to sei-ve the district for forty years, 
pre 
be 
sill 
tbe 
ton 
wit 



Much more time than usual has been spent, under the direction 
of the Board, in mailing designs of the work complete, in order to 
present estimates of cost, which include all the work necessary to 
be done. These designs have been made by Mr. Carson, in coa- 
siiltation with the Committee of the Board having this matter in 
;harge and with the Chief Engineer of the Board. Mr. Car.jon was 
tbe principal superintendent of construction of sewers of the Bos- 
ton Main Drainage Works, and was more intimately acquainted 
with all of the ditBcuIties to be met in similar work in the North 
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Motropolitan District unci Vfitli the cost of ovcreoming them than 
any other engineer. He mnde all of the estimates of cost. 

Theae were reviewed by Mr. Joseph P. Davis, the Consulting 
Engineer of the Boartl, and by Mr. F. P. Stearns, the Chief 
Engineer of the Board. Mr. Davis designed the oddiltonal 
water snpply of Boston, and constructed it within the cost *hich 
he had estimated; he also designed the Boston Main Drainage 
Works, which were eoostnicted under his direction imtil he 
resigned in 1880. Mr. Stearns was one of the assistant engineers 
on the eonatniction of the Boston Main Drainage Worts from 1880 
to 1885, after which he had chaise of operating the system until 
he became Chief Engineer of the State Board of Health. 

These engineers examined the whole course of the trnnk line 
carefully npou the ground with Mr. Carson, and reviewed the esti- 
mates, item by item, with the d^ta which Mr. Carson had accumu- 
lated by his sm-veys and soundiogs, and the additional data which 
Mr. Clarke, the Engineer of the Massachusetts Drainage Com- 
mission of 1885, had accumulated; and they concluded that the 
estimates ot Mr. Cai-son were reasonable, aurt the amounts ade- 
quate for the proper conatrnction of the work. 

We, therefore, present the result of these estimates with confi- 
dence, as expressing nil that need be expendeci in eoDBtructing 
and furnishing the complete works if built under careful business 
management with present prices. 

Detailed estimates of cost naay be fonud in the report of Mr. 
Carson. The estimated cost of the whole work of trunk line and 
main branches with outlet, with pumping machinery and all fur- 
nishing necessary for disposing of the sewage of the North Metro- 
politan District when the population is 290,000, — which is the 
estimated population in 1802, — inclusive of the intercepting 
sewers of Cambridge, Charlestown, Chelsea and East Boston, is 
$4,15!),453. 

The additional espense iu coastraction to make the system capa- 
ble of disposing of the sewage of the district forty years hence, 
when the popnlation shall have reached 513,000, will be due to the 
increased pumping capacity and to additional outlet and siphon 
pipes, amounting to 8:i24,400 ; making the total cost for constmc- 
tionup to 1930, 84,383,853. 

The yearly maintenance, including all running expenses and 
repairs, is estimated to be : — 

Willi a population of 230,000, ... 884,700 00 
With a population of 313,000, . , . 116,200 



Or an average for forty years ot 



J 
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^^^1 If the money for construction were raised upon the credit of the 

^^^1 Commonwealth, with a sinking fund running foi'ty yeai-s, the rate 

^^^H of interest would probably be three and one-half per cent., and 

^^^H the sinking fund, with incidental expenses, one and one-quarter 

^^^^ per cent., — making the yearly amount to be paid for interest and 

^^^H sinking fund four and three-quarters per cent. 

^^^1 The yeai'ly payments for interest and sinking fund wiil then 

^^^ be 

■ 0, 

^M yci 

^^m tht 

^ ■ 

* no 



Four and three-quarters per cent, of ?4,159,453^f 197,574 00 
The yearly maintenance with 290,000 people aa above^z 84,700 00 

Total yearly payinent=J282,274 00 



Or a little leas than one dollar a year per inhabitant; and this 
yearly payment will decrease year by year with the increase in 
population, until — taking account of the expenditure for enlarge- 
ment and increased pumping expenses — the rate of annual pay- 
ment will be reduced in the latter part of the forty years to less 
n sixty-six cents per inhabitant. 

The apportionment of the cost to the several communities was 
not committed to this Board, and we make the above statement 
' simply to show that the average cost per inhabitant of the con- 

Istruction, maintenance and all running expenses for forty years, 
together with interest and the final payment of the debt, will 
amount to about eighty cents per year for all of the sewers shown 
by red lines upon the accompanying Map No. I, which include 
the intercepting sewers of Cambridge, Charlestown, Chelsea and 
East Boston. 
The cost of these intercepting aewers is as follows : — 
: 
., 



Cambridge ^306,470 00 

Charieatown 121,761 00 

Chelsea, 34,650 00 

East Boston 143,413 00 

Total, f606,294 00 

If these are not included in the tiiink line and main branches, 
the oost of the trunk line and main branches, which will give an 
outlet within its own territory for all considerable sections of 
every city and town included in the system, will be 84,159,453 less 
$606,204, or $3,5^j3,I5» in 1892, and «:J,777,5dO in 1930. 

In the judgment of the Board one of the elements which should 
enter into the apijortionment of the annual running expenses to 
the several communities is the quantity of sewage suppHed by 
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each wUich has to be pumpod. To provide for determining these 
quantities, methods of measuring have been deviaed and the con- 
sequent additional coat of the system and of yearly expense have 
been included in the estimates of cost. 

Where the existing or proposed systems of sewers in any city or 
town discharge at points widely apai't, which cannot reasonably 
be connected by a line of sewers tying entirely within the city or 
town, a main branch has generally been extended to each of such 
districts, so that each city or town may find an outlet for the 
sewers of all considerable sections iocluded in the system into the 
trunk bne, or a main branch, without going beyond its own terri- 

There are, however, in several towns small sections which may 
be drained by pipes less than ten inches in diameter which can 
most economically be made a part of the system of au adjoining 
town. To such smali areas main branches have not been ex- 
tended, but they have been left for neighborly adjustment between 
the towns. 

While the cities and towns are to provide for themselves sys- 
tems of aewera having outlets into the trunk line, it ia plain to the 
Board that the authority which coustruota and controls the trunk 
line should extend for certain purposes over the whole system of 
sewers in each of the cities and towns. 

This authority should be competent to limit the quantity of 
sewage that may enter the trunk line from any quarter, especially 
to prevent the entrance of large quantities of storm water, that 
the whole system may not be flooded and great damage result. 
To this end the design and construotion of the intercepting aewers 
in the cities having sewers which receive storm water, and of the 
eonnectioQS with them of the existing or of future sewers, should 
be subject to its approval. 

While all new systems should be designed to receive sewage 
only, the authority should be competent to have this design carried 
out, and, when necessary, to prevent the entrance of storm water. 

The authority should also be able to limit the quality of material 
entering the truuk line so far as to exclude material which the 
ordinary current in the sewer cannot carry along. It is not sufll- 
cient that the authority should have power to remove gravel and 
sand and the heavy solid material of raanufaetiirers' waste after it 
entei-s the sewera, but it should be competent to require the entrance 
to the sewers in the several cities and towns to be so made and 
maintained that the objectionable substances may not enter. 

By comparing the plans and profiles of the trunk line now pro- 
posed from East Boston to the Deer Island Beacon with the state- 
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aient3 made concerning a roate to thia outlet on pages 139 to 142 
of the report of tbe MaBsaclmsetts Drainage Commission, it will 
be seen that many of the difflcultiea mentioned therciu have been 
avoided by the more extended esaminationa of this Hoard. 

Knowledge of the tidal currents enables us to dispense with the 
costly reservoir. Tbe conduit twelve feet in diameter, and the 
massive wall of cut stone masonry one-third of a mile long, from 
Deer Island to the Beacon, therein proposed, are replaced by two 
iron pipes four feet in diameter, placed underground on the inside 
of the bar wliere the waves have lost their force. The expensive 
structure across long reaches of raarsh is avoided by changing the 
line to one mostly through hard land, and by having two pumping 
stations of low lift instead of one with high lift, so that the sewer 
may lie in the ground at moderate depth. 

The result of these .and other chnnges, and of including a larger 
territory to discharge at this outlet, is that instead of the method 
of disposal which we have adopted being more expensive than the 
method of filtration upon Saugna Marahea therein propoaed, we 
find the coat per inhabitant of the plan now proposed is about 
eighteen per cent, less than tiie estimated cost per inhabitaut of 
the plan for Mystic Valley presented by that report. 

As soon as the Board had concluded upon the best method of 
disposing of the sewage of the cities and towns which, collec- 
tively, are here designated as the North Metropolita,n Sewerage 
District, and had completed plana and estimates of cost of the 
trunk line and main branches, and had completed plans for 
sewers for all of the cities and towns which have no sewerage aya- 
tema, and so was enabled tu determine what cities and towna and 
parts of cities and towns should constitute said sewerage district, 
notices were sent to the authorities of all of these cities and towna 
in the following words : — 

COMMONWEALTH OF MAS8ACini3ETT3. 

OrplcE OF State Boa.bd op Health, 

13 llBiCON Stkeet, Boston, Oct. 13. 1888. 

To the Mayor or BeUetmen of Ihe City or- Town of . 

The Stata Board of Health, in pursuance of the requirements of sec- 
tion 7 of chapter 05 of the Resolves of the year 1387, hereby gives 
notice that it has determined that the cities of Cambridge, Somervillo, 
Chelsea, Maiden, and the parts of the city of Boston known as Charlea- 
town, Eaat Boston, Breed's Island and Deer Island, and the towns of 
Belmont, Arlington, Winchester, Medford and Winthrop, and parts of 
towns, as follows : Wobum, except 190 acres in the west and southwest 
quarters, in the Shawsheen River drainage area; Stoneham, except 560 
acres in north quarter, m the Saugus River drainage area; that part 
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of Melrose wtbh drains into Mystic River and into Fines Birer, Inclnd- 
ing 2,196 acres, and excluding ttbout 707 acres of the easterly side of ths 
town which draina into Saugus Blver; iind Eyerott, excopt 2t0 acres in 
the northerly quarter which drains iato Pines River, mostly occupied 
by Woodlawn Cemetery, constitute the sewerage and drainage district to 
be reported by this Board under said Resolve. , 

Booloscd is u plan showing the general position of the proposed truak | 
line and its msin branches, which may serve es aa outlet for a system 
of sewerage for each city and town. 

Flans showing the proposed method of utilizing these outlets for each 
city and town may be seen, and will be explained by an engineer of the 
Board at the office, No. 13 Beacon Street, Boston. 

The Board will be in readiness to confer with each of said cities and 
towns with respect to such drainage and sewerage system at Room 10, 
at the State House, on Tuesday, OcL 23, 1883, at 10 o'clock a.m., and 
will, upon the request in writing of any city or town, thereafter give a 
hearing to said city or town upon sui;h questions relating to the method 
of ka utilizing atud trunk lino and main branches as said city or town 
may submit, in writing, with sucli request. 

The Board will also, upon request of any city or town, give a hearing 
upon the question whether said city or town can more advantageously 
provide for itself a system of sewerage and drainage by itself and not 
as a part of said general system. 

By order of the Board, 



Hekhy p. Walmtt, \ 

£l:jaii U. Jo^'Es, J 

JCLIUB H. ApPLETOV, / g^^^ 5^^^^ 

Thorsto.s K. Lothbop, ) ,. „ , . 

Fkabk W. Dhapbh, ( Oj Ueaiih. 

HlUAM F. MlLl^, I 

Thbddobe C. Bateb, / 



SAMUEL W. ABBOTT, 

Secreiart/. 
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Each of these notices was accompanied by a plan of the district, 

like Map No. 1 of this report, showing the trunk line and main 
branches of the sewerage system, as there presented in red lines. 
At the meeting on October 23, the cities and towns appeared 
to be very generally represented. The general features of the 
plan which the Board had adopted were presented by the chair- 
man of the Committee upon Water Supply and Sewerage of the 
Board. Many questions were asked and answered; but no 
changes were suggested, except that a representative from Revere, 
finding this town was not included in the system, desired to know 
what provision could be made for Revere. As this town was not 
in the territory designated by the General Court for this investi- 
gation, and was not on the direct line to the outlet, it had not 
3 included in the system ; but it is entirely practicable to cou- 
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neot it with the system, by lowering the grade of the intercepting 
aewer on the east side of Chelsea and extending it to Revere. 
A anrvey and estimate of cost since made by the Uoard show 
" that the Chelsea branch sewer through Eastern Avenue can be 
lowered and extended parallel with the Boston and Maine Eail- 
road across the stream into Revere at a height which will receive 
the sewi^e of Revere, for an expenditure of $86,000 in addition 
to that already given for the Chelsea branch. 

At the meeting for conference at the State House, there was 
presented, in addition to the general plans accompanying this 
report, a special plan of each city and town iu the district, show- 
ing, for each city having a system of sewers, the method of con- 
necting the main lines of that system with the trunlt line or a main 
branch of the general system ; and for each city and town which 
has not already a system, there was presented a complete plan for 
a system of sewers, indicating a method of conveying sewage 
from all of the streets, which will need sewers for many years, to 
the trunk line or a main branch of the general system. 

The main lines of these special systems have sLuce been placed 
on Map No. 1 in blue, with blue "figui'cs giving the height of the 
bottom of the pipe above mean low tide. 

These special plans of each town are not intended for publica- 
tion with tliia report, but are to be kept on file by the State Board 
of Health, or at such other depository as the General Court may 
direct, for additional information for each of the cities and towns 
when providing for itself a system of sewerage with outlets into 
the general system. 

The Board has had examinations made of the several towns, to 
determine if it will be more advantageous for any town within the 
district to provide for itself a system of sewerage by itself, aud 
not as a part of the general system. 

It is plain that for the interior towns the only other method 
available is filtration through land, where suitable land can be 
found which can be reached economically, and where such use will 
not be objectionable to the inhabitants. All of these conditions 
were not found in any of the towns. The nearest approach to 
them was in Stoneham and in Wohurn ; but after a preliminary 
investigatioQ the Board couelnded it would be better for these 
towns to join with the others in the general system. 

Upon notifying the several towns that the Board would, upon 
request, give a hearing upon tMs question, no requests were 
received. 

For complete sewerage of Winthrop in the future, the general 



syatem preaenta advantages in grades, tQ coat of pampiug, and in 
removing the sewage to a distance which will be unobjectionable, 
that would make this outlet preferable to any which the town can 
provide for itself; but for the immediate relief which U'inthrop ' 
requires, anel until it becomes necessary to pump its sewage, it will 
probably be cheaper for the town to take care of its own sewage. 

The Board is unable to decide more definitely upon this point 
until the principles of the apportionment of cost to the several 
cities and towns are determined. 

Outlet Sewers fou the Lower Vallet op Charles River. 

For the cities and towns of the lower valley of Charles River 
which are not inchiile<l in the North Metrapolitan Sewerage Dis- 
trict, this Board is " requested to designate some method for the 
disposal of the sewage." 

These cities and towns are Waltham, Newton, Watertown, 
the Brighton District of Boston^ and Brookline. 

Waltham, being so far removed from either outlet, — being 
thirteen and one-half miles fi-om Moon Island outlet, and eighteen 
and one-fourtli miles from Deer Island Beacon, by a practicable 
route for a sewer, — was examined by Jlr. Ball to see if suitable 
filtering area could be found siilHcieutly near for disposal of ita 
sewage. The only areas found adapted to this purpose were near 
the south-easterly lino, partly in Waltham and partly in Water- 
town ; but their i)TOsimily to the Alter gallery from which Water- 
town takea its water supply rendered their use inadmissible, and 
the Board decided that a proposed method of chemical precipita- 
tion and discharge of the effluent into Charles River below the 
dam in Watertown, but above long reaches of flats uncovered at 
low tide, ought not to be permitted. 

The northerly part of Newton and Watertown are similarly situ- 
ated, and the Board finds no satisfactory means of disposal of the 
sewage of the thickly settled parts of these cities and towna except 
by conveyance through Brighton and Brookline to Moon Island 
outlet thi-ough the intercepting sewer of the city of Boston, — a 
diatance from Newton east line of eleven and one-fourth miles, — 
or by conveyance through Brighton to the proposed intercepting 
sewer in Cambridge and thence to Deer Island outlet, a distance 
of sisteon miles. The latter coui-se would render necessary the I 

enlai^ement throughout ita whole length of the thirteen miles of Ij 

intercepting sewer from the entrance in Cambridge to Deer Island, | 

to provide for this increase of about thirty per cent, in the quantity 
flowing; and on account of the greater distance, this additional 
sewage would neceasaiTly be pumped nearly ten feet higher than if 
taken to Moon Island. 
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These coadUiona indicate very decidedly that the most aatural 
course is to take the sewage of this district to Moon Island. 
Brighton sewage will of coarse be carried in that direction by the 
city of Boston ; and no question can arise in regard to this being 
the proper outlet for Bi'ookline. The intercepting sewer of Boston 
was built with the iutention of receiving, for the long future, the 
"low-level" sewage of the district bonnded by Charles and 
Neponset rivers and Mother Brook, and was designed to be of 
ample size to convey the sewage of 800,000 people and two-thirda 
as much rain water when running half full. It will be more than 
fifty years before this population is reached in both the " high- 
level " and " low-level " teiTitory of this district, if TValtham and 
Watertown be included therein. 

Investigations made by the chief engineer of the Board, 
report of which is appended, show that, with the additions made, 
which were contemplated in the original design of the Boston 
Blain Drainage Works, their ability to dispose of the sewage of 
the whole territory jnst .described will, during tbe next forty years, 
be somewhat greater than their present ability to dispose of the 
sewage they now receive, provided the amount of storm-water 
tbey receive is not increased. 

The Board recommends that arraugemeDts be presently made 
with tbe city of Boston to receive into its intercepting sewer the 
sewage of Brookline, Newton, Watert;owa and Waltham, and that 
the work of an estension to Waltham be accomplished at the 
earliest date practicable. 

The Board herewith presents a plan for such estension designed 
to convey, when running full, thii'ty cubic feet per head on the 
estimated population in ID30, this quantity being as much as the 
Boston intercepting sewer will then be in a condition to receive 
from this quarter. This thirty cubic feet per person is the same 
amount that the sewera in the North Metropolitan District are 
designed to convey. 

It is intended that storm-water shall be excluded from all 
new systems of sewers, and from sections of existing systems, 
entu'ely new, coanecting directly with the intercepting sewer ; and 
that its entrance to tbe intercepting sewer from systems of sewera 
already built shall be strictly regulated. 

It was not contemplated that complete surveys should be made 
of these cities and towns to show how systems of sewera may be 
arranged in each ; but examinations have been made which show 
that sewage may be brought to the main sewer from all parts of 
them excepting 105 acres in Newton, 86 acres in Waltham, and 
acres in Watertown of unoccupied and mostly marsh land ^ko- 
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dering the river, and excepting a. large tract ia the aoutb-weet end 
of Brookline of about 1,486 acres, inclndiog Walnut Hill, which 
is sparsely settled and which is beyond the ridge and alopea away 
from the proposed sewer. When this district shall need eewers, 
tbey will find an outlet into the Boston system tlirough West Rox- 
bury, probably by the valley of Stony Brook. 

The estimated cost of the main sewer from Waltham to the 
intersection of Huntington Avenue am) Camden Street in Boston 
is $604,243. 

This sewer is shown in plan and profile upon Map No. 3. Ita 
line is substantially the same as that designed by the Masaachn- 
Betts Drainage Commission. Its grades bave been somewhat loW' 
ered near the upper end to receive sewage from lower and more 
distant points in Watertowu, and the size is somewhat reduced. 
Near the lower end, within the city of Boston, the diameter is also 
somewhat reduced because the aewage from Cambridge is not now 
brought in this direction. 

The final reports of the several engineers who have aided us in 
making the investigations, and reaching conclusions upon the 
important questions herein discussed, are appended ; and the 
Board desires to express its cordial appreciation of their zeal and 
ability, and the thoroughness of their work. 

We have thought it unnecessary to dwell upon the vital impor- 
tance of providing relief for the several eonmiunities included in 
the two populous districts, because the action of the General 
Court in directing this Board to consider, not whether such relief 
is requii'ed, but how it can be wisely accomplished, indicates that 
the people of the State have grown to appreciate the necessity of 
action, and desire only to be shown the best method of accom- 
plishing the purpose. 

To this problem we have devoted our enei^es with results 
which we are gratified to present. These show that complete 
relief can be reached by expenditures which can reasonably be 
made by the populous and wealthy communities interested in the 
bealthfniness of this great metropolitan territory. 

HENRY P. WALCOTT, 
ELIJAH U. JONES. 
JULIUS H. APPLETON, 
THORNTON K. LOTHROP, 
FRANK W. DRAPER, 
HIRAM F. MILLS, 
THEODORE C. BATES. 
Stale Board of I 
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HiB&ii F. 7t&LL§, Esq., Chairman of Commiitee, 8iaU Board of Health. 

Deab Sib ; — In yonr commanicatioD of the IBthinBt., yon state 
that the coramittee of the State Board of Health, having in charge 
the question of disposal of sewage of the Mystic and Charles river 
valleys, has, during its investigations, frequently consulted me in 
regard to the impoitant queationa that have arisen, and request an 
expression of my opiuion on the following points : — 

The wisdom of the general schemes recommended by the com- 
mittee for disposal of the sew^e ; their adequacy to relieve these 
valleys ; whether there is any other practicable method of accom- 
plishing these results without largely increased cost ; the propriety, 
in the light of the investigations made by the Board, of discharging 
the sewage of Cambridge, Somerville and Charlestown into the 
present BoBton Byatem ; the natisfflGtory disposal of the eewi^e 
of the North Metropolitan District, without nuisance or deposit, 
by continuous discharge near Deer lalaod Beacon ; the location 
of the trunk line of this system, and the reliability of the esti- 
mates of coat. 

I think there can be no question that the best method of 
disposing of the sewage of Newton, Waltham, Watertown and 
Brookline, in the valley of the lower Charles, is to intercept its 
flow to the river aud convey it to the main sewer of the Boston 
system. The alternative to this aeema to be to convey the 
sewage to some point on the river below Watertown, and there 
subject it to the precipitation process ; but this is not to be 
recommended, not only on account of the large cost of operating 
such works, but also because, owing to the flow of the tides, the 
but partially purified effluent would be some days in reaching the 
outer harbor. 

It has heretofore been proposed to also convey the sewage of 
Cambridge, Charlestown and Somerville to the main sewer of the 
Boston system, and this, indeed, is a desirable way of disposing 
of it ; but a very careful study of the probable future popula- 
tion of Boston aod these cities, and the quantity of the sewage 
to be taken cai-a of, recently made by your chief engineer, Mr. 
Steams, indicates that if this were done, the foil capacity of 
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the present system would be reached in a very few years, — so 
few that Boston could reasonably and undoubtedly succeaafully 
oppose such disposal. The recent Boston records show a much 
larger average discharge per capita than waa anticipated or than 
it has heretofore been the practice to estimate upon. The chief 
cauaea of this are the large water consumption and the large 
leakage oE ground water into the sewers. These are remediable 
(or at least partially so) defects of supervision and constiiietion, 
but it would not he prudent to assume that the remedy will be 
applied; and even if applied, the great cost of a high-level sewer 
would be thrown upon the city at a comparatively early period, 
were the sewage of all the citiea of the lower Charles permitted 
to enter the present system. I have reviewed the study made 
by Mr. Stearns npon the above-mentioned points, and believe 
that the foots he has collected justify these conclusions. I am 
of opinion, therefore, " in tlie light of the investigations made 
by the Board," that it would not be wise to discharge the sewage 
of Cambridge, Charlestown and Somerville into the Boston 
system. 

This being admitted, and having in view the topography of the 
district and the financial considerations, it will be seen that the 
sewage of these citiea should be united and disposed of with 
that of the cities and towns of the Mystic valley. Yon have bad 
made by competent engineers studies of three methods of dis- 
posing of this sewage; viz., by precipitation, by land fllti-ation, 
and by discharge into the sea in a crude state. 

The discharge into the lower Mystic after chemical treatment, 
although it would in part alleviate the present growing evil 
resnlting from discharge at many points in a crude state, could 
not be made without causing, at times, some nuisance at the pre- 
cipitation works, and possibly also along the shores of the Mystic, 
by the decomposition of the effluent after it had entered the river, 
as, owing to tidal action, it would not be at once carried out to 
sea. 

But, aside from this consideration, the large yearly cost of oper- 
ating is a sufHcient objection to adopting a scheme of this kind so 
long as other methods of disposal are available. 

The only large tract of land available for irrigation or filtration 
is in Saugus and Revere, south of the Sangus River. A large 
portion of this land is covered with salt-marsh peat, which the 
experiments made under your direction during the past year in 
the field and at Lawreoce show not to be a good filter, either as 
regards the quantity of liquid pnssed or the character of the efflu- 
ent. I had thought that by preparation of the peat surface, and 
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by methods of application of tha sewage, aomewbat different from 
those nauitlly employed, the peat land might be used with advan- 
tage ; but the experiments above mentioned point to a different 
coQclusion. 

However, even were this land moderately well suited for the 
purpose, theie is not enough of it to care for the sewage of so 
large a population as the valley of the Mystic and the cities of 
Cambridge, Charlestown and Somerville will contain in the not 
distant futui-e. 

There remains for consideration the practicability of disposing 
of the sewage in its crude state at some point where strong cur- 
rents exist that will quickly dilute and disperse it, 

A strong tidal current sets through Shirley Gut, and the dis- 
charge oE the sewage at this point has been recommended ; but 
more recent float experiments show that the current loses its force 
soon after passing the Gut, and give evidence that sewage deposits 
would be formed at Winthrop Deach and along the north-easterly 
shore of Deer Island. In view of these esperimenta, this cannot 
be regarded as a favorable point for discharge. 

Another strong tidal current makes in the main ship channel 
l>etween Deer and Long islands, and this channel can be reached 
hy & diachai'ge scwei' raotting under the surface of the bar which 
unites the Deer Island Beacon with the island itself. This is a 
favorable point for discharge — probably there is no other so good 
in the whole harbor. 

Under your direction, Mr. Howard A. Carson, C.E., has devised 
two plana of works for collecting the sewage of the various towns 
and cities that should unite in the common system, and' for its 
discharge in a crude state at this point. One provides for the 
retention of the sewage in reservoirs on the southerly point of 
Deer Island daring flood tide, that it may be discharged during 
ebb tide ; the other, by the omiasion of the reservoirs, involves a 
continuous discharge. 

The experience gained by the discharge of the sewage of Bos- 
ton into the ebb-tide current o£f the easterly end of Moon Island 
shows that sewage thus discharged into the still stronger current 
at the Beacon would be quickly dispei'sed and lost to the senses. 
ITiere can be no reasonable objection to this mode of disposal. 

The float expei-iments that have been made at this point recently, 
when considered in connection with the fact that the sewage dis- 
charged at Moon Island disappears in a run of about two miles, 
point strongly to the conclusion that the discharge need not be 
confined to the ebb tide, but may be made coutinuously. If this 
eboald prove true, — and I have little doubt that it will, — consid- 
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erable saving in first cost and ia cost of operating can b 
aa is ehoTCn by comparison of the estimates. 

The two plans are alike except In the capacity of the discharge 
sewers or pipes, and that one provides for a reservoir and the 
other does not. Therefore, should trouble arise from the contin- 
uous discharge, the remedy could be readily applied. Both plans 
provide means for de^Hisiting aod retaining the heavier matter of 
the sewage, that it may not be discharged into the channel. 

After careful consideration of the experiments that have been 
made and the data that have been collected, I would recommend 
that the sewage of the Mystic Valley and of the cities of Cam- 
bridge, Charlestowa and Somerville be collected into one system 
of sewers, and discharged continuously at or near Deer Island 
Beacon. 

I have been over the ground to study the location of the main 
sewers, and have reviewed the estimates of cost with care. I 
believe the location t-o be well selected, requiring only such minor 
changes as the closer survey and study which precede actual con- 
struction usually suggest, and also believe that the estimates are 
liberal, and will fully cover the cost of construction under intelli- 
gent management. 

In conclusion, I am of opinion that the schemes recommended 
by the committee for the dispoaal of the sewage of the Mystic 
and lower Charles valleys are well devised, and that they will 
relieve these valleys from the danger threatened by the present 
method of discharge ; and I can suggest no othur practicable 
scheme that would not involve a much greater cost either of con- 
struction or of operating. 



Hespectfully submitted. 



New Yom, Dbg. 17, 1888. 



JOS. P. DAVIS, 

Constilling Engtnter. 
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ENGINEER'S REPORT. 

Br Howard A. Cabsok, C. E. 



Boston, Not. 20, 1838. 
Htii*m F. Mills, Esq., Ohairman of Oommtllee on Water Supply and 
Sewerage, MassachuseHs Stale Board of Seallh. 

Dear Sik:— Iq your letter of Oct. 3, 1887, 1 was asked to 
" tike into conaideration the whole subject of the disposal of the 
sewage of the Mjstio valley, in its crude condition, into tide 
water," where it would cause no nuisance ; to decide on the beat 
point for discharge ; to determine the best route for bringing the 
sewage to this point, and to tnak« anch plans as might be necea- 
sary to enable me to make reliable estimates of tbe cost of this 
scheme of disposal. At a later date you gave an estimate of 
the population in I'J^O of various towns and cities in and near the 
valley, and directed sewers to be designed of sizes and inclinations 
sufficient to carry thirty-five cubic feet per head per day for this 
estimated population for Somerville and Cambridge, and thirty 
ciibio feet per head per day for all other cities and towns included 
in the scheme. 

The following table gives the estimate of population and the 
corresponding quantities of sewage alluded to above : — 
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Careful consideration lias been given to varioiia scbemes of 
Bewei-age, some of which provide outlet sewers for all the towns 
and cities mentioned in tlie foregoing table, and otliers of whicli 
provide for a part only. The valuable data collected by previous 
commissions, particularly that of 1885, were made use of, and were 
added to by new surveys, soundings and observation* of tidal cur- 
rents. It will be noticed that numerous sewer routes recom- 
mended by the last commission are here again rei:ommended. 

The results of my studies as they progressed have been given 
both to the committee and to your chief engineer. I lierewith 
respectfully submit a more extended report of the scheme desig- 
nated the North Metropolitan sewerage system, and shown on map 
No. 1, which provides for all the towns and cities named in the 
table. Estimates and esplauations of other plans, including one 
for an intercepting sewer for the lower Charles River valley, are 
also appended. 

Mncli time and study were devoted to finding a suitable locality 
for the outlet Of the North Meti-opolitan sewers. The safe disposal 
of the volume of sewage indicated in the foregoing table requires 
that this outlet be remote from densely populated districts. 
The flow should be, if practicable, direutly into an ocean current 
of Bueh force and direction that the eewage will be speedily 
diffused at a distance from inhabited shoi'es. No locality was 
found where these conditions could be so perfectly and economi- 
cally fulfilled as that of Deer Island. Revere Beach north of 
Graver's Cliff is the sea-coast nearest to what may be called 
the centre of gravity of populatun of the towns under considera- 
tion, but it is improbable that any sn table current exists there, 
and, moreover, it is thought that ts growing importance as a 
crowded summer resoit e-vcludes t from consideration as a 
possible place of discba ge Oui t bsei-vations of tidal cun-enta 
made at Shirley Gut gave lestt satisfactory results than those 
made by previous obseiTers. They appe.ared to show that sewage 
there discharged would make de|)osits in the immediate vicinity, 
and create a nuisance. The float experiments were made under 
the direction of Mr. Laurence Bradford, who has had much ex- 
perience of a kind to fit him for such work. One hundred and one 
floats were set off altogether — charts showing the p.itha of which 
were sent to you. Seventy-five of these were sent from near 
Deer Island Beacon, about two thousand feet south of the south- 
erly end of the island ; and eighteen from near Great Faun Beacon, 
tlii-ee -fourths of a mile east of the island. Some of the relative 
advantnges and disadvantages of the Great Faun Beacon and Deer 
Island Beacon as places for sewer outlets may be stated. Great 
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Faun Beacon is more tbitn a mile nearer the oceao, measur- 
ing in the direction of the channel, and may, in fact, he con- 
sidered aa in the ocean. The currents near Great Faun Beacon 
at different atogea of the tides are uncertain, sometimes 
moving rapidly seaward, and at other times vacillating ahout 
to the eastward of the beacon. Should the outlet be in this 
vicinity, it is prohable that some of the heavier particles in the 
sew^e will be deposited near by, and that a few light floating 
objects will he driven at times to different neighboring shores. 
Deer Island Beacon, though not so near the ocean, is a mile 
from any dwelling, is nearly four miles from South Boston, and is 
more than five miles from Boston proper. One hour before high 
water the current at this point is established in a seaward direc- 
tion. Sewage discharged between one hour before and four hours 
after high water would move with a fair current to sea, and none 
would return with the following flood tide. Sewage discharged 
at other stages of the tide would move some distance into the 
harbor, but, as explained later, would not get near any inhabited 
shore. Either of these localities is an excellent place for dischai^e. 
The relative advantages and disadvantages of the two places, as 
far as currents and position together are concerned, are nearly 
balanced ; but, were ttie cost tbe same, I should eouiewhHt prefer 
the Great Faun outlet. It may be added that any attainable point 
on a curved line joining the two points mentioned and the inter- 
mediate one of the end of Little Faun bar would also be excellent. 
The cost of construction would be considerably less near Deer 
Island Beacon, and that place was therefore adopted. 

The Board of Engineers of the United States Army have loug 
thought of placing fortifications on Deer Island. The area 
required for such use is offlctally stated by the Board to bo "■ the 
portion south of an arc of a circle described with a radius of fifteen 
hundred feet from the extreme south-eastern point of the island aa 
a centre ; also space for certain batteries on the north-eastern 
shore of the island, which would not be interfered with by the 
projected sewer system." Part of the first-described area would, 
were it not thus possibly excluded, affoitl a convenient site for a 
storage reservoir, should one ever be needed. Ample space 
remains, however, in the northerly part o( the low plain at that 
end of the island, and a space many times what can ever be 
rcquu'cd is found still faither north. The best site for a pumping 
station is entirely outside of the proposed military reservation. 

It seems probable that a reservoir will not be needed for yeai's, 
if at all. Deer Island is about two and one-half miles nearer the 
ocean, measured in tbe direction of the current, than the outlet of 



Moon Islaad reservoir. It is about three miles nearer tban Castle 
Island, trhicb was considered by several engineers and commis- 
sioners as a possible place of outlet for the Boston intei'cepting 
sewers. It is four and onc-Lnlf miles nearer the ocean than the 
place recommended by Messrs. Clarke, Davis and Bering and the 
commission of 1885 for the outlet of the East Boston sewers. 
These gentlemen thought no ill result would follow from discharg- 
ing the East Boston sewage continuously into the harbor at the 
place mentioned. The most westerly point reached by any float 
from Deer Island Beacon is nearly a mile east from this place'. 
One float, however, started at low water, went up the channel 
towards Breed's Island, and grounded on the eastern end of Noddle 
Island. Fl<^ts started during flood tide, that went as for west 
as Castle Island, were about three hours in reaching that point. 
None of our Uoats went farther west than the vicinity of Castle 
Island, and long before reaching that point, sewage from the pro- 
posed outlet would disappear. An experiment with sewage from 
Moon Island reservoir, made last September, confirms this view. 
It may sometimes happen that grease balls or other light objects 
will get ashore at points farther up the bariwr. Our experiments 
and observations thug appear to demonstrate that no nuisance would 
be Caused for many years, if ever, by discharging coBtinuouBly 
near Deer Island Beacon. The saving in interest alone would 
within twenty yeai-s pay tiie cost of a reservou' and additional out- 
let pipes. The cost of pumping and other items of espense will 
also be lessened by dispensing with a reservoir and discharging 
continuously. Even if a i-eservoir were needed, it would cost no 
more to build at a later time ; and therefore, in any event, such 
building should be postponed until the effect of dischai^ng the 
sewage continuously is clearly seen. 

If suitable arrangements can be made to prevent deposits, the 
considerable storage capacity of the sewer on Deer Island and 
alxive can be made use of to avoid discharging at low stages of 
the tide. 

A suitable outlet sewer can be constructed without serious 
difflculty. A pier from the main land to the proposed outlet 
near- the beacon would be exposed to heavy waves in the winter 
season, and its protection from their destructive power would be 
very costly. No pier, however, is necessary or desirable. The 
outlet sewer can be placed entirely below the bed of the sea on its 
proposed line near the bar. Thus placed it will be entirely safe 
from the action of sea-waves. If a reservoir is dispensed with, as is 
here recommended, two lines of cast-iron pipe, four feet in diam- 
eter, will furnish a suitable outlet for years, and three lines will 
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Bofflce for the eatimated population of 1930. In laying this out- 
let sewer, dredging will secure the necessaiy depth, and the pipes 
can then be laid with the help of divera. The art of laying iron pipe 
under water is well advanced, having been extensively practised 
in various parts of the world. Some miles have been laid in this 
coimtry. In the estimates attached to this report, very ample 
allowance has been made for the cost of outlet pipes. 

A heavy masonry sewer, with a much greater discharging 
capacity than the three lines of pipe, could be bailE for the price 
allowed for them. The price would cover the cost of a coffer-dam, 
aad the operations required to place the sewer entirely below the 
surface of the bar. Any sewer here, however, will be subjected 
to a considerable bursting pressure, and the strength of masonry 
to resist such strains is uncertain. A wooden sewer, six feet 
square inside, would have greater discharging capacity than the 
three pipes. Such a sewer could be so framed as to be amply 
strong against both bursting and collapsing pressures, and could 
be laid entirely below low water without the aid of a coffer-dam. 
Its cost wben laid woidd probably be less than that allowed for two 
pipes. It is tbought tbat it would not be attacked by the teredo 
or Umnoria. But this question and others connected with its use 
require further investigation, and it bas been considered prudent 
in this report and estimate to adopt cast-iron pipes. 

The question of pumping stations and that of route of main 
aewer are to some extent interdependent. If the cost of construc- 
tion for a given size was everywhere the same, under plain, hill, 
valley or sea, then the most economical route for a main sewer 
with outlet at Deer Island, and for the drainage of the towns 
under consideration, would run in a. nearly straight line from Deer 
Island to near the centre of East Boston, thence to the middle of 
the Mystic River uear Medford bridge, and thence to West Med- 
ford. Physical obstacles, however, especially the sea and rivers, 
compel some deviation. The distance from West Medford to 
Deer Island by the line as designed is about eleven and one-half 
miles. By the ideal line alluded to above, tbe distance would be 
lessened more than one mile. 

Starting in West Medford low enough to provide fair drainage 
for the adjacent territory, and continuing on the route as planned, 
with suitable sizes and least permissible inclinations, the bottom 
of the sewer on Deer Island would be more than twenty-four feet 
below low water, or thirty-eigbt feet below the surface of the low 
plain at the south end of the island. The last five miles of this 
sewer would require a trench of thirty-five feet average depth. 
On account of its depth and its distance below the water table, its 
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excavation would be difficult nod exceedioglj expensive. Inordef 
to discharge into the sea, elevation by puni|Mng would be neces- 
sary. If diaehat^ed continixoualy at all stages of the tide, this 
elevation would vary fi'om say twenty-four to thirty-fonr feet, 
depending on size of outlet a.nd stage of tide. If pamped into a 
reservoir to be dischai^ed at the tipper stages of the tide, the lift 
would depend oa the daaign, but would probably be greater. If, 
in place of making this lift by pumping on Deer Islaud, it should 
be made in the westerly part of Breed's Island, as contemplated 
by previous commissions, and if the outfall sewer shonld be 
made of masonry, then the five mUes of deep ti'enuh alluded to 
above would be avoided, and we should have five miles of sewer 
mostly above the present surface of the ground, and requiring 
embankment. Wide stretches of marsh would have to be crossed, 
and here the necessary foundations would be exceedingly costly. 
Numerous steam and common roads would have to be passed 
under by inverted siphons. This high-level sewer might prove aa 
costly as the deep oue first alluded to. This sewer, also, would be 
too high for the eew.'ige of Winthrop and Breed's Island. 

By carrying the sewage from the pumping station at Breed's 
Island iu force-maius of cast-iron pipe, the heavy embankments 
and extra siphoES could be avoided. Tlie (!Ost, however, would 
still be excessive. An outfall sewer of masonry, nine feet ia 
diameter, with a fall of one and three-fourths feet per mile, would 
have the requisite caiTying capacity. It would require four pipes 
each four feet in diameter, and with four times as much fall, to do 
the same work. A masoury sewer, nine feet in diameter, placed in 
excavation twenty feet deep, and of considerable difficulty, would 
eoBt only half aa much as the four pipes laid at depths of ordinary 
water pipes. The work of pumping would be only one-fourth as 
much for this masonry sewer as for the pipes. The iron force-mains 
would not be more available for the sewage of Winthi-op and 
Breed's Island than the high-level sewer in embankment already 
referred to. It thus appears that, if all the pumping takes place 
at Deer Island, the main sewer is very costly on account of depth ; 
and, if it all takes place at Breed's Island or its vicinity, the 
sewer is also very costly, and loses pai't of its usefulness by being 
too high. 

Study of the profile makes it clear that, by having two pumping 
stations, one at Deer Islaud and one four or five miles back on 
the sewer line, we cau divide the lift and so place the e 
avoid excessive depth on the one hand and costly embankment 
on the other. This division is accordingly adopted, and the second 
of these stations is placed at Bast Boston, the line from which bos 
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lees length of marah tbaa the Breed'a Island line above referred 
to. An upward etep of about sixteen feet takes place at this 
station, and this step, of course, lessens by that amount the 
depth of excavation on the sewer line thence to Deer Island. 
The sewer is still deep enough to pass under all ateam and 
other roads without sags or aiphoDS, and to rest on bard bottom 
through most of the marshes. It is also low enough to receive the 
sewage of Winthrop, the inhabited part of Breed's Island, and 
part of East Boston east of the pumping station. 

It is plain that this increase of pumping stations does not 
increase the total work of pumping, measured in foot-pounds or 
otbei^wise. The comparatively low lift at each place will enable 
centrifugal pumps to be employed. In the matter of weight, 
space, liability to accident, and especially in cost of pumps and 
coat of foundations and buildings, the advantages are very greatly 
in favor of centrifugal as compared witli reciprocating pumps. 
The former, also, from the absence of valvea, are better adapted 
to pumping sewage. A few examples of low-lift centrifugal 
pumps have shown a fuel economy approximating to that of many 
of the high-lift pumping engines of the country ; but in general 
the former will require a much greater consumption of fuel for a 
given amount of Work than th& best types of high-lift fecipi'ocat- 
ing pumps. It will also require care and skill to so proportion 
the former as to permit the necessary variation in delivery. Two 
small pumping stations instead of one large one may also some- 
what increase the cost of maintenance, by requiring more 

Taking into account interest and depreciation on plant and 
buildings, na well as consumption of fuel and all other items of 
expense, it is found, in the case under considei-ation, that two 
low-lift stations with centrifugal pumps are as economical as one 
high-lift station with reciprocating pumps. It has already been 
shown that the coat of sewers in the former ease is very much 
less. 

The same reasoning which led to placing pumping stations at 
East Boston and Deer Island also led to placing one in Cbarles- 
town, for lifting the serfage of that city, Cambridge and Somer- 
ville. If this sewage should be caiTied without lift in a sewer 
falling continuously on the route to the East Boston pumping 
station, it would involve makijg four miles of trench excavation 
fifteen feet deeper, and it would also involve pumping one-half of 
all the sewage of the system fifteen feet higher than according to 
the present design. 
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Main Sewek of thb Nobth Metboi-olitan SewERAOE Ststbm. 

Ten years ago the city of Boston built the ao-cailed Mystio 
Valley Sewer from Woburn Centre to the Iowit Mystic Lake. Its 
route lies near the Wobiirn Branch and Uie main line of the 
Boston and Lotrell Railroad. It is proposed to incorporate into the 
North Metropolitan System so mncli of this sewer as lies between 
the Woburn uud Wineheater town line i>nd a point 300 feet above 
its outlet. At the Woburn town line this sewer consists of a 15 
inch pipe with the invert about 67 feat above mean low water of 
the sea. It continues on the east side of the Woburn Branch 
Railroad, falling at a rate of not far from 1 in 100 to a point near 
Moseley's tanne y. It then descends at a rate of 1 In 10 for a 
distance of 234 feet, and enters a man-hole of the brick portion 
of the Mystic Valley Sewer. This sewer is 26 by 28 inches 
in diameter, and has an inclination of 1 in 1,000. It has a 
carrying capacity of about 5,600,000 gallons per day. At 
the upper end of this brick sewer it is designed to take in 
what will be called the Cummingeville branch, and also a branch 
from Stoneham. The length of the 15 inch pipe sewer is about 
2,800 feet and that of the bi-ick sewer about 11,500 feet. The 
estimated value of that portion of the BIystic Valley Sewer in- 
corporated into this system is 868,000. About 300 feet from its 
piesent outlet into Mystic Lake it will be discharged into a new 
sewer of lai^er diameter. 

The proposed new sewer ia 3 feet 2 inches in diameter, and has 
an inclination of 1 in 2,000. Its location is on the route selected 
by the commission of 1835, in priv.tte land to the Boston and 
Lowell Railroad, and thence partly in tbe railroad location and 
partly in private land just east of it to Prescott Street in West 
Medford. As located, the line aouthei'ly from High Street mna 
close between the railroad and some private buildings. This can 
be avoided by locating about 1,000 feet of this section in Warren 
and Canal streets. This change would lessen the depth of excava- 
tion and lessen the distance in private land, but would add slightly 
to the length of the sewer. 

At Prescott Street the Ale-wife Brook 'branch is taken in, and 
the main sewer is enlarged to 4 feet 4 inches in diameter. The 
bottom of the invert of the sewer is here 8 feet above mean low 
water of Boston hai'bor. The route of the sewer continues 
through the whole length of Prescott Street and then through 
mai-sh laud by a nearly straigM line to High Street, a little east 
of Hillside Avenue, and continues in High Street to Central 
Square. The bottom of the invert of the sewer is here 5 feet 
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aboTe low water. At this point the sewer is enlarged to i feet 
6 incheB in rliiimeter. The route of the main then turns into 
Riverside Avenue and paases onder the Medford Branch RaUroad. 
The sewer continues in the avenue to the village of Wellington. 
The line is there slightly deviated to avoid the hill, and is con- 
tinued through Third Street. 

Near Middlesex Avenue the sewer is enlarged to 5 feet diameter, 
Lnd receives by a 2 foot branch at Cradook Avenue the sewage 
from the I'itliige of Edgeworth. Continuing in neai'ly a prolonga- 
tion of Third Street, the sewer passes under the Boston and Maine 
Railroad with its invert at the level of low water. The inclination 
of the gmdient of the sewer between Middlesex Avenue and the 
Maiden River is, when flowing full, 1 in 2,500. The invert of 
this section has an inclination considerably greater. 

a designed, the sewer under the Maiden River will consist of 
two lines of caat-iroo pipe, 2 feet G iochea in diameter, laid under 

3 bed of the sti'eam. This will cause a depression in the sewer, 
SB shown on the profile, of about 6 feet. This siphon ia of small 
diameter, in order to ensure suflicient velocity to prevent deposits 
of sand. As a further precantioa, it is designed to place two 
sumps or sand-catchers on the west side of the stream, and 
means of isolating each of these for cleaning out. An overflow 
and other suitable appliances are designed and estimated, to 
enable the pipes under the river to be pumped out and exam- 
ined, and, if necessary, cleaned at any time. 

After passing the Maiden River, tlie sewer continues across 
the marsh to a point west of and near the Saugus Branch Rail- 
road, about 800 feet south of the West Everett station. At this 
point the Melrose branch entera, and the sewer is enlarged to .1 
feet 6 inches in diameter. The soundings across the Maiden 
River marsh indicate flue sand. This, at considerable depths and 
in close proximity to clay, ia sometimes difficult and costly to 
excavate. 

The sewer, after junction with the Melrose branch, turns to 
the right and continues in the marsh and projected streets nearly 
parallel to the branch railroad, turns to the left into West Street 
and passes under the railroad, with the invert 5^- feet below low 
water, then passes thi-ough West Sti'eet to Main, and thence 
through private land and across Broadway to Paris Street. At 
Broadway the main sewer receives the Cambridge branch, and ia 
enlarged to 8 feet 2 inches in diameter, and has its invert 6 feet 
3 inches below low water. The main will also probably receive 
at Broadway an important local Everett sewer. The main sewer. 
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with a fnll of 1 in 3,000, proceeds through Paris Street, aorosB the 
marsb to Secood Street, and follows the latter into Chelsea. 

For iibout three-quarters of a mile in this vicinity the sewer will 
be surrounded by peat and mad, and will require a reinforced 
cross-section and a pile foundation. The mud will be easy to 
excavate, but the fonndiitioD and backing will necessarily be 
expensive. For most of this distance the mud esteads only a 
short dei)th below the sewer, and short piles will suffice. For a 
short distance, however, near Cypress Street, the pocket of mad 
has a depth of more than 25 feet below the sewer. 

At the junction of Spruce Sti-eet with Second Street the Spruce 
Street sewer will be intercepted, and the main sewer is there en- 
larged to 8 feet 5 inches in diametei-. Its crown is about 2 feet 
below the Spruce Street sewer, and its invert is 8 feet 6 inches 
below low water. The main continues in Second Street, the sur- 
face of which begins to ascend rapidly at Arlington Street. At 
Broadway tho depth of excavation is 44 feet. The sewer crosses 
Broadway Square, continues in Winnisimmet Street to Williama 
Street, which it follows to Marginal Street aud through this to 
Eastern Avemie. At Pearl Street on Williams the depth of es- 
cavatiou, which decreases after passing Broadway, is 29 feet. 
The necessary depth of esciivation in Chelsea, although great, has 
often been equalled and sometimes exceeded in conatrucling inter- 
cepting sewers in other cities. It is not unlikely that, when thia 
section is built, a large volume of water will be met aud require a 
considerable pumping plant. It is designed to retain most of the 
present outlets of sewers in Chelsea for storm overflows, aud to 
provide them, where necessary, with efflcieut tide-gates. 

At Eastern Avenue the Chelsea branch is received. At this 
point the sewer turns to the right and proceeds to Chelsea River. 
This is passed under by two lines of 4 feet cast-iron pipe. Like 
provisions for preventing deposits are here made, but more exten- 
sive than those provided at Maiden River. 

The siphon under Chelsea Eiver is located between the high- 
way and raUroad bridges. The sewer turns to the left on reaching 
Addison Street, and receives the main East Boston branch. 
Enlarged to 9 feet in diameter, it passes under the Boston and 
Albany Railroad, and reaches the proposed East Boston pumping 
station with ita invert V2-Pg feet below low water. 

The triangular space enclosed by the two railroads and Chelsea 
River is at present unoccupied. The ground is of a stable 
character, there is ample frontage on a navigable river, and 
the surroundings are such as to make a pumping station nuobjec- 



I 



i 



1889.] 



SENATE — No. 2. 



51 



tionaUe. Ab designed and estimated, the pumping plant will 
consist at first of four centrifugal pumps and two compound con- 
densing engines, capable of lifting 185 cubic feet per Becond 20 
feet. The difference in level between the incoming and outfall 
sewers is ]5^(, feet. This pumping station may receive in the 
future a low-level sewer, draiuing a low district in Breed's Island 
and one in East Boston proper. In conuGctioQ with this station, 
sumps and si'ttliug tanks are designed and estimated, by which 
sand may be separated fi-om the sewage and deposited in scows or 
otherwise, for waste, or for filling the neighboring low grounds. 

The outfall sewer on leaving the pumping station has its invert 
3-jV feet above low water. It passes through Addison Street to 
Saratoga Street, and through this to Butler Avenue on Breed's 
Island. Its invert at the Boston, Revere Beach and Lynn Railroad 
is about 2 feet above low water. It continues through Butler 
Avenue and Faxon Street to Belle Isle Inlet. Some mud will be 
met in the excavation between the pumping station and Belle Isle 
Inlet, but none that estends below the bottom of the sower. This 
outfall sewer is low enough to receive the sewage of part of 
Kast Boston east of the pumping station and of all the inhabited 
part of Breed's Island. Belle Isle Inlet is passed under by two 
lines of i feet caat-iron pipe. Provisions similar to those hereto- 
fore described are made here for catching sand and for exami- 
nation and cleaning out. 

In Winthrop the line runs between Main Street and the Boston, 
Winthrop and Shore Railroad not far from the latter, to the junc- 
tion of Main and Revere streets. The sewer then proceeds in 
Main Street and its projection across the marah and enters Shirley 
Street. A section of the sewer 1 ,800 feet long in the marsh will 
be surrounded by mud, which extends 4 feet below the sower at the 
deepest place. This section is designed to have a masoni-y rein- 
forcement, and the mud under it removed and concrete or gi-avel 
Bubstitoted therefor. The sewer continues in Shirley Street, 
reaching Shirley Gut with its invert 5-f„ feet below low water. 
The sewer as planned is low enough to afford a good outlet for 
the Winthrop sewers, Sfiirloy Gut is passed under with two lines 
of i feet pipe. A rapid current always flows here, except for a 
short time at high and low water. Owing to this fact, and to 
the depth of water, the cost per foot of crossing will be greater 
than at the other siphons. Provisions for inspecting and cleaning 
are allowed for. 

The sewer line on Deer Island, as located, runs from the nar- 
rowest part of the Gut by the front of the hospital and the main 
building, and continues in the road on the western side of the 
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ieland lo the proposed pumpiog etatioD. Tbis is located north of i 
the proposed military reservation oq the plaiu at the southerly end 
of the island. The sewer arrives at tbis poiut with its invert 
nearly 8 feet below low water. The aewerhas a uniform diameter 
of 9 feet from East Boston to Deer Island between the two pnmp- 
ing stations. 

The Deer Island pumping station in size and equipment will not 
differ greatly from that at East Boston. Its foundation will be . 
of considerably less depth, and its cost in that respect will be 
somewhat less. The height of pumping at this station will vary, 
depending on the stage of the tide and several other factors. ' 
With a delivery at half tide corresponding to 11^ gallons per 
head per day of the estimated population in the year 1000, 
through the outfall sewer and two lines of 4 feet pipe, the lift 
will be about 1 1 feet. An outfall sewer 6 feet wide and of varying 
height extends southward from the pumping station a distance of 
1,000 feet. Its upper part is considerably below the present sur- 
face. At its lower end it connects with two lines of 4 feet cast- 
iron outlet pipe which extend to near the Deer Island Beacon, 
about 2,000 feet from the shore. This pipe is designed to be laid 
below the bed of the harlxir, ;it such a depth that its top will be 
from one to three feet below low water. In this position it wiU 
be entirely safe from the action of storms. The outer end of the 
pipe is designed to turn up, and have its bottom 6 inches above 
low water. Massive masonry similar to that in the present 
beacon will be necessary to protect the end from the heavy east- 
erly gales. The outer end of Deer Island bar is under the control 
of the Light-house Board of the United States government, and it 
ia designed to place a light-house there. The proposed location 
for the sewer outlet is just west of the bar. 

Cd.wmincsville Branch. 
The sewage of CummingsviUe and some other parts of Woburn 
cannot economically reach the present Mystic Valley Sewer without 
going through a portion of the town of Winchester, The Cum- 
mingsviUe branch provides an outlet in Woburn for such sewage. 
This branch sewer consists of a 15 inch pipe, with a uniform fall 
of 1 in 800. It begins at the town line on the Horn Pond Ice 
Railroad, with its invert 34^ feet above low water. It follows 
this road and the westerly side of the Woburn Branch Raikoad. 
Near Moseley's tannery it crosses the railroad and enters the 
man-hole at the upper end of the brick sewer. Its invert ia here 
2!)i'(, feet above datum, or a little more than 6 feet above the 
bottom of the brick B«wer. 
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Stonehau Bkahcb. 
This is built almost wholly in private lands. Its upper end 
begioB near Railroad Street at tte line between Stoneham and 
Woburn. It consists at first of a 15 inch pipe, with its invert 
47^5 feet above datum, and its inclinatiou 1 in IGO. The line 
runs near and mostly north of the Stoneham Branch Tlaiboad for 
2,000 feet. It crosses the railroad between UiU and Maple streets, 
and ia enlarged near the latter to 1 foot 8 inches in diameter, with 
an inclination of 1 in 1,000. It crosses to the west bank of tlic 
Abbajona River about 400 feet south of the railroad. At Wash- 
ington Street the diameter is increased to 2 feet. The Boston 
and Lowell Railroad is crossed about 800 feet north of Cross 
Street. The sewer continnes nearly parallel to the river, and 
enters the main brick sewer near its upper end. This branch 
takes nearly aU of the Stoneham sewage, and serves also parts of 
Woburn and Winchester. 

Alewifb Bbook Branch. 

This branch lies mostly in private land on the easterly bank of 
the brook. It is designed to carry the sewage of Belmont, 
Arlington, and parts of Cambridge, Somerville and Medford. It 
begins at Concord Avenue, where it intercepts a Cambridge sewer. 
Its diameter here is 1 foot 6 inches, its invert is 6^ feet above 
datum, and its inclination is 1 in 1,200. At Spruce Street it 
receives another Cambridge sewer, and also the Belmont branch, 
and its diameter is increased to 2 feet 2 inches, aud its inclination 
flattened to 1 in 1 ,500. A third Cambridge sewer enters at North 
Avenue. Branches for Arlington are provided as follows : a 12 
inch pipe north of the Middlesex Central Railroad, a 15 inch pipe 
at Charlestown Street and a 12 inch pipe near Decatur Street. 
These brandies are merely extended across the brook to the 
Arlington side. The Alewife Brook sewer is successively 
enlarged, becoming 3 feet '2 inches in diameter at Broadway in 
Somerville. A branch 10 inches in diameter is placed opposite 
Jerome Street to receive the sewage from a low portion of West 
Medford. 

Near the pumping station of the Mystic Water Works it is pro- 
posed to provide a smalt pumping plant to lift the sewage into 
a higher sewer, which will discharge into the main sewer at 
Prescott Street, West Medford. The upper and lower sewers are 
14j^ feet apart vertically at the pumping station. As the work 
of pumping sewage at this station will probably not exceed thirty 
horse-power for some years, and will average much less than this, 
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it IB possible that eteam and attendance can be rnrnished from tbe 
water-works station. For thia and other reasons the station ia 
here located. Considering the cost of construction alone, it 
would be chea^ier to place tbe sewage pumping station about 
1,500 feet farttjer sonth. The upper sewer from the pumping 
station is 3 feet in diameter, except at the Mystic River siphon, 
which is composed of two lines of 20 inch iron pipes. Tbe gen- 
eral inclination is 1 in 1,000. A 10 inch branch is carried in 
Boston Avenue to the Medford town line. 

The Delmont branch begins near tbe town line between Cam- 
bridge and Belmont, and for 2,500 feet follows along the southerly 
side of the Fitchburg Railroad. It then crosses the latter, and, 
following the southerly side of the Central Massachusetts Rail- 
road, enters tbe Alewife Brook sewer near Spruce Street. It 
L-onsists of a 15 inch pipe, starting at grade 8^, and baring a 
uniform inclination of 1 in 1,000 throughout its length. 

Melrose Branch. 
The Melrose branch, so called, is designed to carry the sewage 
of Melrose and also that from parts of Stoneham, Maiden and 
Everett. It begins in Wyoming Avenue, at the town line between 
SlOQebani and Melrose, with a 10 ini;h pipe 47T'ir feet above 
datum, and with an inclination of 1 in 500. At Waverley Place, 
Melrose, the diameter is increased to 1 foot 10 inches, and the 
inclination flattened to t in 1,000. The sewer passes through 
Waveriey Place, and a proposed extension of it, to Winter Street, 
Maiden, where its diameter is increased to '2 feet. The sewer 
proceeds through Linden Avenue, Pleasant and Middlesex streets 
to Charles Street. In Pleasant and Middlesex streets tbe sewer 
has a rapid fall which permits the size to be somewhat diminished. 
After passing under the Saugus Branch Railroad tbe diameter is 
increased to 3 feet 4 inches, and tbe fall is made 1 in 2,500. The 
invert is here IJ feet below low water. The very flat inclination 
is made to give an outlet for sewage from the low parts of Linden. 
This flat section of sewer may require frequent flushing. Water 
for this purpose can be had from the Maiden River and from a 
brook at Linden The route of the sewer from Charles Street is 
through private land. Green and Tremont streets, to the main 
sewer south of the West Everett station. 

Cambridge Branch. 

For convenience, this name is given to the central intercepting 
aewer designed to carry most of the sewage of Cambridge, Somer- 
ville and Cbai'lestown. It begins near tbe junction of Mt. Auburn 
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and Lowell streets, Cambridge, 2 feet in diameter, 6 feet above 
low water, aad with an incliaatioa of 1 in 1,500. Its route Ilea at 
first in Mt. Auburn, Eliot, South, Holyoke, Mill. DeWolf streets, 
and across private land to the jonction of Western Avenue and 
Blackstone Street. At this point the invert is about level with 
low water. Numerous sewers are intercepted, and the diameter is 
saccessively increased, being here 3 feet 7 inches. Connections 
for intercepting the Sparks and WiHard streets sewers must be 
made at considerable distances back from Mt. Auburn Street, in 
order to get points where they are sufficiently above the main 
intercepting sewer. The inclination of 1 in 1,500 is maintained 
from Lowell Street for a distance of I ^ miles. Proceeding through 
Blackstone Street, and a short distance in River Street, tho sewer 
crosses about 1,500 feet of marsh land to the junction of Granite 
and Magazine streets. The excavation on this section will be 
through mild, and pile foundations will be required. At Pleasant 
Street a sewer is intercepted, and the diameter of the intercepting 
Bswer is increased in size. 

From Pearl Street the sewer proceeds with a diameter of 4 feet 
2 inches and a slope of 1 in 2,500, through private land, Waverley, 
Albany and Portland streets to Binney Street, where the system 
of sewers having outlet in that street can be iDterce|}ted. The 
invert of the intercepting sewer is here 6^ feet below low water, 
the diameter is 5 feet 4 inches, and the inclination is 1 in S,000. 
The route of the sewer then lies in Portland, Warren and MedfoiTi 
streets. The large sewer in Bridge Street can be tapped near its 
outlet by a pipe, which will discharge into the intercepting sewer 
at the junction of the last-named streets. The invert of the inter- 
cepting sewer where it passes under the Fitchburg Railroad at 
Medford Street, Somerville, ia about 8 feet below low water. The 
depth of excavation is here 25 feet, in clay and gravel. 

About 200 feet beyond this point the sewer turns to the right and 
crosses a narrow lot to Somei-vUle Avenue, where a large sewer 
will be intercepted. Here the intercepting sewer becomes 6 feet in 
diameter. The route of the sewer then lies in Poplar Street and 
across the Boston and Lowell Raih-oad into and across the grounds 
of the McLean Asylum to Waverley Street. The depth of excava- 
tion near the Boston and Lowell Railroad is 33 feat. At Waverley 
Street a sewer which now discharges tlirongh a ditch into the open 
marsh will be intercepted. The route of the sewer lies next in 
Washington Street in Somerville, a,nd Cambridge Street in Charles- 
town, where some rock excavation is met with. The trench, if 
made in open cut, will be 29 feet deep under the Boston and 
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Maine Railroad tracka. Test ahafta may ahow that it is bettor tiO 1 
tunnel at this place. 

Tbe niuin turoH to the left at Sullivan Sqnare, and at Ruther- 
ford Avenue and Main Street the (^harleatown brnnches are 
receiveil. At Rntlierfoid Avenue the diameter is increased to J 
6 feet 8 inches. Entering Alford Street it continues to ArliDgtoaf 
Avenue, where the Somerville branch enters. Three hundred feefe-4 
farther on the sewer turns to the left and enters the site for the 4 
proposed pumping station. The proposed site is an unoccupied I 
piece of land just above Maldeo bridge on the Mystic River. Here | 
the invert is 11 feet 7 inches below low water. This site has ampla ] 
water front, firm ground, suiLible surroundings, and other requi- 
sites for a sewage pumping station. The pumping station at this 
place is similar to that at East Boston, but has little more than half | 
its capacity. Included in the design and estimate are provisiona ' 
for removing sand. The lift at this station, reckoned from c 
spondiag points in the incomiag and outgoing sewers, is 14-j^ feet. 

It is designed to retain for Btoiin overUows most of the present 
outlets of sewers in Cambridge, CbarleBtown and Somerville, and I 
provide tbem, where necessary, with etlicient tide gates. 

The siphon under Slystic Kiver consists of two lines of 40 inch 4 
cast-iroQ pipe, with suittible proviaion for inspecting and cleaDing. | 
At the north end of the pile bridge, the iron pipes enter a chamber ■! 
from which proceeds a masonry sewer 6 feet in diameter, with I 
invert at low-water level, and with a fall of 1 in 1,400. The f 
route of this sewer lies in Alford Sti-eet and Broadway, Everett, 
to Paris Street, where the main trunk sewer is entered. 

Chaklestown Branches. 
The principal Charleatown branch begins in Chelsea Street at | 
Medford Street, where the outlet of a considerable system of 1 
sewers is intercepted. The intercepting sewer has here a diameter 
of IJ feet, an elevation of 3 J feet above low water, and an 
inclination of 1 in 750. The route of the sewer lies in Chelsea 
Street to near Vine Street, where it enters and passes through the 
navy yard grounds, with a diameter of 2 feet 2 inches, and a fall 
of 1 in 1.000. The route through the navy yard avoids the deep 
excavation that would be encountered if it was continued on 
Chelsea Street. At Water Sti-eet the diameter becomes 2 feet 6 
inches, and the inclination is 1 in 1,500. The sewer passes 
through Water and Front streets. Both sides of the latter are 
occupied entirely with freight houses. As this street i 
Btantly crowded with teams during the day, skill and care will be 
necessary in building this section to prevent injury to bnsinesa. 
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On Bome parts of this route deep excavatioii will be required in 
close proximity to heavy buildings. The sewer is continued 
through Austin and Chapman streets to and through Rutherford 
Avenue to the so-called Cambridge branch sewpr. Numerous 
city sewers are intercepted on the route described, and the inter- 
cepting sewer becomes 2 feet 10 inches in diameter in Rutherford 
Avenue. Another Charlestown branch_of 15 inch pipe, with 
an inclination of 1 in 75, intercepts a system of sewers having 
an outlet at Beach Street. This branch has its upper end at the 
junction of Main and Beach streets. It traverses part of Main 
Street, and discharges into the Cambridge branch at Alford Street. 

SOMEKVILLE BRANCH. 

The Somerville branch is designed to take sewage from a part 
of Medford lying south of Mystic River, and from a northerly 
portion of Somerville. It begins in Mystic Avenue at the Somer- 
ville and Medford town line, with a diameter of 18 inches and an 
inclination of 1 in 1,000. At Winthrop Avenue an important 
sewer is intercepted, and the diameter is increased to 2 feet 6 
inches. The sewer leaves Mystic Avenue at Austin Street, and, 
passing through private land and under the Boston and Maine 
Railroad, enters and goes tliroagh Arlington Avenue to tlie 
Cambridge main. In Arlington A-venue the diameter is increased 
to 2 feet a inches. 

East Boston Brancbbs. 

An intercepting branch sewer is designed to start at Sumner 
Street on New Street, at grade 4]^ feet, and proceed through New, 
Maverick and Border streets to Central Square. Another branch 
starts at Meridian Street on Condor Street, at grade 14, and 
follows this and Border Street to Central Square, where it joins the 
branch just described. These two branches are designed to inter- 
cept all the sewers now discharging on the westerly side of East 
Boston. The intercepting branches are of 12 inch pipe at their 
npper ends, and 15 inch at their lower, with inclinations varying 
from 1 in 250 to 1 in 500. Their sewage is carried through 
Central Square and Porter Street to Bremen Street, in a brick 
-sewer with a diameter of 1 foot 7 inches, and an inclination of 1 in 
400. The sewers now dischai'ging at the south-east end of the 
island are designed to be intercepted by 12 and 15 inch pipes in 
Jeffries and Maverick streeta, respectively, and a 12 inch pipe in 
Marginal and Orleans streets. The present sewer in Cottage Street 
will require ffl be tapped a short distance up hill from Marginal 
Street, and to be rebuilt just over the intercepting sewer. 
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The branch in Orleaas Street joins the 15 inch pipe in Maverick 
Street. The latter proceeds with an inclination of 1 in 500 in 
Maverick and Bremen streeta to Porter Street, where the westerly ■ 
intercepting branch jsreviously described is met. The sewage from ] 
these branches and from sewers now discharging on the east side 
is carried in Bremen, Prescott and Chelsea streets to near the i 
Chelsea bridge, and there finds an outlet in the main sewer of the 
Metropolitan System. The Chelsea Street intercepting sewer is 3 
feet 2 inches in diameter, and has a fall of 1 in 1,250. It has k 
carrying capacity of over 11,000,000 gallons per day, A branch 
at Eagle Sqnare intercepts sewage discharging on the north side 
of the island. 

The East Boston sewers receive storm water, for which rela- 
tively small provision is made in the intercepting sewers. For 
this reason, most of the old outlets are to be retained for storm 
overflows, and provided, where necessary, with efficient tide-gatfis. 

Chslsea Bkamch. 

This sewer, 2 feet 4 inches in diameter, in Eastern Avenne, 
C^helaea, is designed to intercept sewers now discharging on the 
easterly side of the city. It begins at Willowby Street, and haa 
an outlet in the main at Marginal Street. It is so low that 
it can be extended to intercept the Prattville sewers when desir- ' 
able, and it passes entirely under those to be intercepted on East- ! 
ern Avenue. On account of its passing through mud, where pile 
foundations will be required, the estimated cost is high. ' 

In the appended estimate of costs no allowance has been made for 
a branch to Revere. Should it be desirable for the sewage of that 
town to enter this system, it is practicable to collect it north of 
Mill Creek, near the Eastern Railroad. A branch sewer from this 
locality can pass along the Eastern Railroad to Eastern Avenue, 
and through the latter, and enter the main sewer near the bridge 
to East Boston. This suggested Revere branch would take the 
place of the Chelsea branch described above. Its estimated cost 
is $86,000 more than that of the latter. 

EsTiMATsa OP Cost. 
In the following estimates, sewers 18 inches or less in diameter 
are considered as made of stone-ware pipe. All larger sewers 
(except where otherwise stated) are brick, reinforced, where 
necessary, with rubble masonry or concrete. Brick sewers, 2 feet 
or less in diameter, are reckoned as having walls not less than 4 
inches thick ; those more than 2 feet and less than (5 feet in diam- 
eter as having walls at least 8 inches thick ; and larger sewers as 
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having walls at least 13 inches thick. Man-holes and many other 
Btructuree not mentioned are allowed for. 

Whan extensive works like those under consideration are actually 
built, many considerable items of expense occur which cannot well 
be Bpccifically estimated beforehand. Law suits, changes of plan 
dne to new conditions, local phyaical obstacles more diflflcult to 
overcome than preliminary surveys indicate, are examples of 
such items. It is believed that the appended estimates are ample 
to include all such expenditures, and cover the entire cost of the 
works complete and ready for use. 

The totals from the following estimate and from the estimates in 
I the appendix are for convenience given here : — 



First cost of the North Metropolitan Sewerage System 
(providing inlets for all towns in tJie table at the begin- 
ning of this report and with outlet at Deer Island) is . f 4,159,453 

Cost of additions to the works up to A. D. 1930, . . 224,400 

Total cost of works up to A. D. 1930 

Of which sam the intercepting sewers of Cambridge, 
Charlestown, East Boston and the east side of Chelsea 
amount to 



ii,SS 



Estunates have also been made for three limited systems, inclad- 
ing the towns of the Mystic valley, together with East Boston and 
Chelsea, but not including Chai'lestown and the larger part of Cam- 
bridge and Somerville, which estimates are given in the appendix, 
and result as follows : — 



First cost of limited system discharging at Deer Island, 
, Additions to works up to A. D. 1930 



!2,72G,995 



Flrat cost of limited system centering at chemical precipi- 
tation station near Island End River, .... 
Additions to works ap to A. D. 1930, 



First cost of limited system diacharging upon Saugus 
Marshes for filtration, and into Pines River, . 



!2,836,C51 
$2,654,626 
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la the foregoing estimates ore included the cost of the iatercept- 
ing eewei'B of Cambridge, Churlestows, East Boston and the east 
side of Chelsea, which are as follows ; — 



Cambridge sewers: — 
Upper porlton of Alewife Brook brancb, froin Concord 
Aioniie to a point Dosr Spruce titieel, ■ . . . 



images, 

Upper portion of Cambridge brancli, from near Lowell 
Stieet (o B point near tbe ^omervUlo town line, 

I-tnd dama^'S . . . 

Tide-gai«» and cotmectluns 



Iiridge, . 



Cliarleslown sBwcra ; — 

From Beach Street in Mnin Street to a point near tbe Cam- 
bridge branch in Alford Street. 

From the JnnciioQ of Medford and Chclaea etreels 10 a point 
near the Canihildge liianebln Cambridge (Street, ■ 

TUle-gates and connecilonB 



Englneerlni 
TotaJ lor 



ilnlstradon and cr>ntlngcn< 



Engineering, administration ar 



From Wiliowhy Street in EaBtem Avenue Urn 

the main intercepting sewsr. 
Engineering, administration and contingencies, li 

Total for Chelsea 



224.134 
32.000 
17.000 

827H,m9 



Main Sewek foe the Lowek Chaeles Riveu Vallet. 
At your request, the sizes antl route for au iutercepting sewer 
for the lower Charles River valley, with an outlet in the Boston 
intercepting sewer, have been studied. The aewer is designed to 
have a carrying capacity of 30 cubic feet per head per day for the 
estimated population in 1930. The table below gives the esti- 
mated populationH of the towns and cities provided for, and the 
<!orresi)onding quantities of sewage. 



on SEWERAiS 



- 

TOWNS AND CITIES. 


Coble F«rt 
pa \Kr. 


■ttu. 


1»SD. 


CoWor«t 


Waltham 


30 


U,609 


33,000 


11.5 


Watertown. 


30 


6.238 


11,200 


3.9 


Newton, .... 


30 


19,759 


44,800 


15.6 


Brighton 


30 


8,523 


18,000 


6.3 


Brookline, 


30 


9,1% 


1G,800 


6.8 


Part ot Boston,. 


30 


19,000 


34,000 


11.7 



After B. careful examiaation iu the field, the route e 
this eewer ia substantially a portion of that adopted by the com- 
mission of 1885, but the sizes, depths and inclinations are some- 
what different. It begins in North Street, Waltham, near the 
Newton boundary line, with a diameter of 3 feet 9 inches and a 
slope of 1 in 1,500, Its invert is 21J feet above approiimate 
mean low water of Boston hai'bor. This sewer, as designed, 
affords a practicable outlet for the projected Waltham sewers 
designed by Mr. Bowditch. 

From North Street the aewer proceeds in Farwell Street and 
nearly parallel to the river through private lands to Bridge Street. 

The sewage is designed to be carried across Cheesecake Brook 
in an iron pipe. Carefully arranged culverts will be necessary at 
this and several other small water courses on the line of the pro- 
posed aewer. From Bridge Street the sewer continues in Cali- 
fornia Street for about 1,100 feet with an inclination of 1 in 1,500. 
It then descends about 7J feet in a distance of SOO feet. At the 
foot of this descent the bottom of the sewer will be about 24 feet 
below the surface of the ground- Considerable excavation would 
be saved by making this descent 700 feet farther east, but the 
designed arrangement affords a better outlet for a portion of the 
WatertowQ sewage from the north side of the river. The diameter 
of the main is here increased to 4 feet 2 inches and its inclination 
flattened to 1 iu 2,500. This inclination is maintained to the end 
of the proposed sewer, and is the greatest that will allow eonnec- 
laon with the Boston intercepting sewer already built. The sewers 
discharging into the Charles Kiver valley sewer above Brighton 
are not intended to carry storm water, and will not, therefore, 
bring in street washings. If these and the intercepting sewer are 
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well built, only slight deposits if any are likely to occur, aad these 
can be moved by flushing to lower sections of the sewer, where 
the volume and velocity of flow is greater. 

At G&leD Street another branch from the north aide of the river 
will probably enter the main, and the latter has its diameter 
increased to 4 feet 6 inches. The sewer then passes through 
Galen Street to Water Street, and in the latter to near Parker's 
starch factory. To avoid temporary and perhaps permaocot injury 
to the springs which snpply the water used in making starch, the 
sewer line ia here located in the edge of the river, outside of the 
factory buildings, for a distance of about 600 feet. An allowance 
ia made in the estimate for a river wall, and the fllling necessary 
to protect the sewer. The location of the sewer, below the fac- 
tory, lies near the river bank to a point about a quarter of a mile 
beyond Lemon Brook. 

The route is then along the north side of the Boston and Albany 
Railroad embankment to North Beacon Street. For a part of this 
section mud ia found extending a, short distance below the sewer. 
This can be removed and replaced with hard material. The sewer 
here will require additional masonry. The line then passes 
through private ways along the margin of the river, and between 
it and the buildings of tiie Brighton abattoir, to Market Street- 
Pockets of mud are found in this vicinity, and allowance has been 
made for about 1,000 feet of pile foundation. At Market Street 
the invert of the sewer is 4 feet 2 inches above low water, and its 
diameter is increased to 4 feet 10 inches. From this point the 
sewer proceeds in Western Avenue to about 600 feet beyond its 
junction with North Harvard Street. It then runs thi'ough pro- 
jected streets and private lands to Cambridge Street opposite 
Beacon Park, and across the park to the marsh just north of the 
Boston and Albany Railroad. 

An alternative route from the junction of North Harvard Street 
and Western Avenue is found by following North Harvard Street 
to Cambridge Street and thence across the park and marsh. The 
excavation would be somewhat greater by this route, but it may 
ba followed if the land damages are likely to be excessive by the 
former. The I'oute of the sewer then lies between the railroad 
and the river, passing over another mud pocket where pile founda- 
tions will be required, to Cottage Farm station at Essex Street. 
Several sewers are intercepted in Brighton whose lower ends can 
be used as overflows. From Essex Street the sewer follows Com- 
monwealth Avenue to St. Mary's Street, and its diameter is 
here increased to 5 feet 6 inches, the invert being 1 foot below 
low water. The lai^ge sewer from BrooklLne is passed under at 
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this place, and the sewage from it received. A suitable connec- 
tion between tlie two sewers will allow the lower end of the Brook- 
line Bewer to be used as an overflow from the intercepting sewer. 
When the lirookline aewer was constructed, much ground water 
was met at this point. It is probable that the coarse gravel fonnd 
in various places on the route of the intercepting sewer, between 
here and Waltham, will also yield much water, aud require con- 
siderable pumping plant when the sewer is constructed. 

The intercepting sewer turns from Commonwealth Avenue into 
8t. Mary's Street and passes in that and its proposed extension, 
across Muddy River to Brookline Avenue. It then follows along 
a driveway on the southerly border of the Back Bay Park, aud 
passes through a small piece of private land to Huntington Avenue. 
Near Muddy River and in the park deep beds of mud will be met, 
where pile fouudationa will be requii'ed. The sewer proceeds 
in Huntington Avenue to Parker Street, where its diameter is 
increased to 6 feet 6 inches. At this place it passes under the 
new Stony Brook conduit. The section under the conduit is now 
being built in a substantial manner by the city of Boston, in con- 
nection with the conduit itself. This section is about 70 feet long, 
and consists of twq circular sewers each 4 feet 8 inches In diame- 
ter, united by a bell mouth at each end to Ihe 6 feet 6 inch aewer. 
The sewer continues through Hnutbgtoa Avenue to Camden 
Street, where it joins the main sewer o£ the city of Boston. 

The estimated cost of constructing the sewer for the relief of 
the lower Charles River valley is presented on the opposite page. 

HOWARD A. CARSON. 

Cifii Engineer. 
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Iln North Street, Farwcll Street, private land, and 
Catitomia Sirect to near Crescent Street, Newton, . 
In California and Watertown streeta to Galen Street, 
Watcctown 
From Galen Street in Waler Street, and private land 
to Market Street, Brighton, 


■ From Commonwealth Avenue in St. Mary's Slreet. 
park and private lands, and Hnntlngton Avenue to 
Parker Street, Boston 
From Parker Street to Camden Street, in Huntington 
Avenne, 
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APPEiroiX. 



Estimated Co&t of Construction, of North Metropolitan Sewerage 
ST/stem, in case Storage Reservoir is built. 





326,000 








AdditlonaLpnmping macblnery 


14,000 
67,000 






«4,l83,32l 
418,332 

?4,601,663 


Englncorlilg, adminiatraOon anJ conlingendcs, ten per cent,, 

Total first cost o( works, Willi reservoir. . . . . 

Estimated coat o( additions to worka np to A. D. 1930 : — 

First cost OB above (lesacontingenelefl.oLO.) 

Ineraased pnmping macbiDBiy 


J4,1S3,321 
lOBOOO 


Two outlet pipes and eDlarKinccbHrnber, .... 


138,000 










Engineering and conlinpandDa 

Total cost of worlts, witli rcserfoir, 


: 


»4,M!,321 
454,132 

8M0iC4M 



Pkelimtnakt Designs. 
Before makiog the design and estiinate for the North Metro- 
politan Sewerage System, three systems of sewerage were de- 
signed, each of which provides outlets for towns of the Blystie 
Talley, East Boston and Chelsea, but makes do provision for 
Charleatowu and the larger part of Cambridge and Somei-ville. 
One of these systems provides for Revere and one for Winthrop. 
Brief descriptions and estimates of cost of these systems follow. 

Limited System of Seweks dischakqing at Deer Island, 
All the branches of the North Metropolitan System of sewers, 
except the Cambridge, Charlestowo and Somerville branches, are 
included without change in this limited system. The Mystic 
valley sewer from the "VVoburn town line to Mystic Lake, and 
the main sewer from Mystic Lake to the junction - of Paria 
Street and Broadway, Everett, axe also included without change. 
The main sewer below Broadway follows the same route, has 
the same iQclinatioDS and the same locations of pumping stations 
■a those of the North Metropolitan System. The sizes of thia 




1889.] SENATE — No. 2. 73 

inaiD and the capacities of the pumping stations are less on 
account of the omiesion of the branches named above. From 
Broadway to the junction of Second and Spruce streets in Chelsea 
tile diameter is 6 feet 10 inches. From Spruce Street to the 
junction of Marginal Street and Eastern Avenue the diameter 
is 6 feet 4 inches. The sewage is carried under the Chelsea 
River to near the East Boston pumping station by one line each 
of 3 and 4 feet pipe. The lift at this pumping station la 
about 17J feet. From this station to the pumping station on 
Deer Island the sewer has a uniform size of 7 feet. The siphons 
at Belle Isle Inlet and Shirley Gat in the limited system consist 
each of two lines of 4 feet pipe, the same as in the larger 
system. The former have somewhat less costly chambers, and 
would need no increase in capacity for forty years. The out- 
let of this system, as designed, consists of two lines of pipe 
4 feet in diameter, terminating near Deer Island Beacon. If 
'age is discharged continnously, it is estimated that this 
outlet would need no increase in capacity for forty years. If the 
sewage is stored in a reservoir and discharged only during the 
first five hours of the outward current of each tide, an additional 
line of pipe would be reqnired in about twenty years. 
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Limited Sewerage System Centering at Chemical Precipita- 
tion Station near Island End River." 

In this Bystera the main sewer and all of the hranchea above the 
jonction of Paris Street and Broadway, Kverett, are identical 
with thoae in the North Metropolitan Sewerage System. At Paris 
Street the main sewer turns to the right and proceeds in Broad- 
way to a point opposite Beacham Street, then tnrn3 to the left and 
passes in Beacham Street and private land for a distance of 3,500 
feet to the chemical precipitation station near Island End River. 
The sewer between Pajia Street and the point just mentioned has 
a diameter of 5 feet 3 inches, and a fall of 1 in 2,500. Its 
invert at the precipitation station is S,^ feet below low water. 

The East Beaton branches are identical with thoae in the North 
Metropolitan Sewerage System, except that the main in Chelsea 
Sti'eet is somewhat shorter. The East Boston sewage ia carried 
across the Chelsea River in a line of iron pipe 3 feet in diameter, 
about 900 feet west of the Chelsea Street bridge. The main then 
passes through Marginal and "Williams streets in Chelsea to 
Spruce Street, and there turning to the left, proceeds in nearly a 
straight line across Island End River to the precipitation station 
previously mentioned. The diameters of the section jnat 
described are : 4 feet from the East Boston siphon to Pearl Street, 
4 feet 4 inches from Pearl Street to Spruce Street, and 4 feet 6 
inches from the latter to the precipitation station. The invert of 
this section is 11 feet below low water at Pearl Street, and 12J 
feet below at the precipitation station. The inclination is 1 in 
2,600. 
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Limited System of Sewers Discdargino upon Saugus Marshes 
FOR Filtration, and into Pines River. * 

All of the main sewer and branches above Central Square, 
Med ford, in the North Metropolitan Sewerage System, are in- 
cluded without change in this. Leaving Central Square, the main 
sewer follows the route adopted by the commission of 1885 
through Salem, Charles and Main streets to the Saugus Branch 
Railroad, Maiden ; thence along the southerly side of the railroad 
through Maplewood and Linden to the Revere boundary line. 
Thence it extends about a mile across marsh land to a pumping 
station and filtration area in the edge of Saugus just north of the 
Pines River. 

The main sewer from Central Square has successively the 
diameters 4 feet 7 inches, 5 feet 5 inches, and at Broadway, 
Maiden, 5 feet 7 inches, which size is maintained to the pumping 
station. The invert of the main sewer at Middlesex Street, 
Maiden, is IJ feet below low water, and at the pumping station 
near the Pines River is 8y®jy feet below. 

The Melrose branch is the same as that in the North Metropoli- 
tan Sewerage System from the Stoneham town line to the junction 
of Middlesex and Charles streets, wher6 it enters the main sewer. 

The Everett branch follows the same route as that adopted by 
the commission of 1885. Starting at the junction of Broadway 
and Main Street in Everett, with a diameter of 2 feet 2 inches, 
and an elevation of 6^ feet above low water, it follows the 
westerly side of the Saugus Branch Railroad to the main sewer 
at the junction of Middlesex and Charles streets. Its inclination 
is 1 in 1,800. 

The Chelsea and Revere branch follows the same route, and 
has the same inclinations as were adopted by the commission of 
1885. Starting at Spruce Street, it follows Williams and Marginal 
streets and Eastern Avenue to the Eastern Railroad. Thence it 
is located just south of the railroad to near Mill Creek. Here it 
crosses the tracks to the north side, and passes under the creek 
by a double line of 3 feet iron pipe. The sewer then follows 
along the railroad to beyond Revere Street, and, turning north, 
crosses the marsh to the pumping station at the filtration area. 

The invert at Spruce Street is about 6^ feet above low water. 
The sewer here is oval, 2 feet 10 inches by 4 feet 2 inches. At 
Eastern Avenue and Marginal Street, where a branch from East 
Boston enters, it changes to a circular sewer 4 feet 4 inches in 

* The results of experiments, having for their object the determination of the capa- 
bility of the Saugns marshes for sewage filtration, may be foand in the report of 
Fred. Brooks, C. E., on page 121. 
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diameter. From near Beach Street to the pumping station it has 
a diameter of 4 feet 8 inches. The invert at the station is 7 feet . 
below low water. 

The East Boston intercepting sewers for this system are the 
same in all respects as in the North Metropolitan Sewerage Sys- 
tem, except that the main in Chelsea Street is extended 150 feet 
to the pumping station. This pumping station is located on the 
same site as that chosen for the North Metropolitan Sewerage 
System. Here the sewage is lifted about 15^ feet, and is then 
carried under the river by a single line of 3 feet iron pipe, and 
joins the Chelsea and Revere branch already described. 
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SPECIAL REPORTS OF THE CHIEF El^iGI- 
NEER OP THE BOARD. 



To Mr, HiBAM F. Mills, Chairman Committee on Water Supply and 
Sewerage. 
Sir; — In accordance with your request that I shoald make 
final reports upon such matters relating to the disposal of the 
sewage of the Mystic and Charles River valleys as have been 
specially referred to me, I herewith respectfully submit reports 
upon the following subjects : — 

1. The ability of the Boston Main Drainage Works to dispose of 
sewage from cities and towns outside of Boston, and ta what extent. 

2. Tlie present operation of the Main Dr^nage Works, with refer- 
ence to the outlet. 

3. The methods by which each city ortownintheN^orth Metropolitan 
Sewerage District may provide for itself a system of sewers having an 
outlet into the main system. 

4. Independent systems of sewerage for the cities and towiw in tbe 
North Metropolitan Sewerage District. 

6. Estimated cost of sewerage systems for the North Metropolitan 
and Mystic valley districts. 

To report upon subjects 3 and 4 required extended surveys and 
investigations ; and, as my time has been very ftiUy occupied 
by other work of the Board, these surveys and investigations, and 
the plans for the sewerage of tbe several communities, have been 
made by Mr. William M. Brown, Jr., with only a general super- 
vision on my part. 

The ABtLrTT op the Boston Main Drajnaoe Wooes to dispose 
OF Sewage frou Cities and Towns odtside of Boston, and 
TO WHAT Extent. 

The Boston Maio Drainage Works were designed to take the 
dry-weather flow of tbe common sewers, and in addition a portion 
of the surface water from storms or melting snow, any surplus 
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above the capacity of the works being dischai'ged by overflowing 
through the outlets of the common sewers. The territory con- 
sidered in designing these works includes not only the whole city 
of Boston, with the exception of Charlestown and East Boston, 
but also the whole of Brookline and Newton, and the portions of 
Hyde Park, Dedham, Waltham and Watertown included in the 
district bounded by the Charles and Neponset rivers and Mother 
Brook. 

Provision was made in the designs for taking the sewage from 
the higher portions of this territory to the outlet, without pump- 
ing, by means of a " high-level" intercepting sewer, and the por- 
tions of the works in the vicinity of the outlet were constructed 
with this in view. As the territory to be sewered by the " high- 
level " sewer contained too small a population to warrant its con- 
struction in the near future, the low-level system was designed 
and constructed on a liberal scale, to meet the requirements of the 
whole district for a long time. 

The practical operation of the works at the present time is as 
follows : When no water from rain or melting snow enters the 
sewers, the volume of sewage flowing in them varies in amount 
from 30,000,000 to 42,000,000 gallons per day, averaging about 
36,000,000. The total capacity of the works at present is at the 
rate of about 112,000,000 gallons per day, so that at the present 
time the amount of storm water that can be disposed of is about 
76,000,000 gallons, in addition to the sewage proper. 

As the sewers under ordinary conditions do not run more than 
one-quarter full, they will, on account of this large storage 
capacity, take care of storm water for a short time at a greater 
rate than above stated. 

In designing the works, it was assumed for the purposes of 
estimate that the storm water to be taken care of was a uniform 
amount per acre from all parts of the area sewered ; but it was 
then the intention, and is now the practice, to favor certain low 
districts, where the cellars are liable to be flooded during heavy 
rains at high tide. When there is only a light rain, so that the 
whole amount entering the sewers can be pumped, the storm water 
from all districts is taken care of. When the volume is so great 
as to exceed to a small extent the capacity of the works, regu- 
lators controlling the flow of all sewers except those from the low 
districts begin to close, and cause a part of the diluted sewage 
to discharge through the old outlets into the harbor. With a 
greater amount of storm water entering the sewers, the different 
regulators close one after another, until, during storms of con- 
siderable magnitude, all are closed, and the whole capacity of 
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the works is devoted to taking storm water and sewage from tLe 
low districts, together with aa unavoidable small amount of 
leakage past each reguliitor. 

If, iu extending the system, the sewers are built to take storm 
water, and are provided with regulators and ov-erllowa according 
to the present system, the effect will be to cause all of the over- 
Hows, except from the low districts, to operate with smuller and 
smuller storms, until fiually, if tte dry-weather flow should nearly 
equal the capacity of the works, it would take but a light rain or 
a small thaw to bring the overQows into use. Extensions of this 
kind, tbough objectionable if so great as to cause too much 
sewage to overflow into the harbor, would not affect the capacity 
of the works to take care of these low districts during heavy 
storms, except by the amount of water leaking past the added 
regulators. 

If, on the other hand, storm water is excluded from sewers 
built in extending tlie system, as is proposed for districts not 
now sewered, and these sewers are allowed to discharge freely 
Into the main system at all tim«s, the capacity of the works to 
take cnre of stoiTn water from the low districts will be reduced 
by the amount of sewage so admitted. The amount of sewage 
brought Ui the works in thia wuy will ucv^r be Inrge enou|;L to 
affect seriously the drainage of tUe low districts, and a decision sa 
to the amount of population and territory which can be sui'ved by 
this Main Drainage System will depend chiefly Upon the provision 
which may be made for siorm water, to prevent the overflows 
from operating t/> too great an extent. 

To determine how much population and territory can be added 
to the system without encroachiug too much upon the margin left 
for storm water, it is necessary to consider, in some detail : — ■ 

1. The oapatuty of tlie Main Drninuge Worka at present, and whe& 

developed. 
3. The volume of sewage to be allowed per inhabitant, 
3. The present and prospective population of tlie territory which it 

is feasible to provide for by an extonaion of the Main Drainage Works. 



The Capacity of the ifain Drainage Works ai PreaetU, and 
when Developed. 
Aa before stated, the works at the present time can convey to 
Uoon Island 1 1 2,000,000 gallons of sewage and storm water per 
day. This limit is lixcd by the carrying capacity of a tem|)orary 
wooden flume from Squantum to Moon Island. It is the design 
to replace this perishable structure by a permanent masonry 
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Hewer of large capacity, so thiit thia limit will be removed within 
a few years, rcgariiiess of ciny ne€fl for increasing the capacity of 
the works, Wheo thia is done, the limit will be fixed by the 
present pnmping capacity of about 124,000,000 gallons per day. 

With the view of determining the capacity of the works when 
fully developed, the different parts have been examined in detail, 
and the principal results will be presented. 

Reservoir. — The reservoir at Moon Island will bold 25,000,000 
gallons. It ia the custom to store the sewage during the incom- 
ing and portions of the outgoing tide, tlie reservoir being emptied 
and flashed during about two hours in the early part of the out- 
going tide, when the currents are moat favorable. As the storage 
takes place during only about ten Lours between tides, the sewage 
can be received into the reservoir at an average rate of 2,500,000 
gallons per bmir, or 60,000,000 gallons per day. The currents 
past this outlet are aulBciently favorable, for fully four faours of 
each tide, to warrant the dischai^e of sewage dnring this time 
whenever the flow is increased by storm water, so that capacity 
for storing about eight houre' sewage would be auflicient. Thia 
would be at the rate of about 75,000,000 gallons per day. When 
the sewage is pumped dnriug heavy and long-coQtiuaed atorma 
at the masimum rate of 112,000,000 gallons pep day, some of 
it, then quite dilute, haa to be discharged into lees favorable 
currents. Thia condition rarely happens, and haa not as yet pro- 
duced any injurious effects. The figures above given indicate that 
the present reservoir will have aufflcient capacity until the ordi- 
nary flow of sew^e largely exceeds the present volume. 

Provision was made in the original design for nearly doubling 
the capacity of the reser^'oir when necessary ; and all of the works 
at the outlet hare been budt with this extension in view. As so 
enlai-ged, it will have a capacity for storing for ten hours at the 
rate of 118,000,000 gallons per day, and for eight hours at the 
rate of 147,000,000 gallons. 

Dorchester Bay Tunnel. — The tunnel under Dorchester Bay haa 
a brick lining, and its section is circular, 7.5 feet in diameter. lis 
flowing capacity depends upon the difference in level of the surfaces 
of the sewage in the chambers at its ends. The height of the 
aew^e in the chamber at the lower end variea with the height in 
the reservoir at Moon Island. Consequently, the flowing capacity 
of the tunnel will be least when the reservoir is full. 

When the reservoir is full and the deposit sewers at the upper 
end of the tunnel are also full, the sewage at the upper end of 
the tunnel will be 6.88 feet higher than at the lower end, and 
under these conditions the tunnel will carry 122,000,000 gallons 
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per Any. If, with the same conditions at the lower enci, the 
sewage in the chamber at the upper end of the tunnel is allowed 
to vise higher, the caiTying capacity of the tunnel will be in- 
creased. If allowed to rise to within one foot of the surface of 
the ground around the chamber, the quantity carried will be 
166,000,000 gallons per day. It will be feasible to raise the 
sewage in this chamber considerably above the top of the deposit 
sewera, but not to the extreme height above mentioned. Taking 
into consideration these facte, and tliat the tunnel woald convey 
larger volumes when the reservoir was not full, the conclnsion has 
been reached that the maximnoi capacity of the tunnel is 
154,000,000 gallons per day, a volume which coincides with that 
Sor which the works were designed.* 

Pumping Station. —The plant at the present time includes fonr 
pumping engines, having a nominal daily capacity of 25,000,000 
gallons each. In practice, the nominal capacity of the four 
engines is exceeded by about 24,000,000 gallons, making the 
actual pumping capacity about 124,000,000 gallons per day. This 
amount is so large that very considerable additions to the system 
can be made withoutfin creasing the pumping plant. When fitrtber 
increase is necessary, another engine having an actual capacity 
of about 32,000,000 gallons can be erected in the present engine 
house, upon foundations already built, making the total pumping 
capacity 156,000,000 gallons per day. This is about equal to the 
maximum capacity of the tunnel, but with no surplus to maintain 
this capacity while one or more pumpa are out of ser\-ice during 
repairs. A pumping plant that would at all times have a capacity 
as great as that of the tunnel was provided for in the original 
designs, but would require the construction of additional pump 
wells, foundations, engines and boUers. It will be a long time 
before these will be needed. 

Main Seioer. — The main sewer leiding to the pumping station 
is circular, 10.5 feet in diameter, and has a grade of 1 foot in 
2,500. Running full, it has a capacity of 226,000,000 gallons per 
day. Flowing with a depth of 6.4 feet, it will carry 154,000,000 
gallons, the amount adopted a^s the maximum capacity of the 
tunnel. 

My conclusion with regard to capacity ia, that by moderate 
additions the Main Drainage Works can be made to take care of 
a maximum of 154,000,000 gallons per day. The more important 
additions will not be required until far in the future. 



* FltUil report upon Ibe Main Drainage Works of the dtj of BoBtoHi I 
lSS8,pa«B3S. 
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The Vobime of Sewage to be aUowedper Inhabitant. 

Wheu no water from rain or meltiog sdow enters the sewers, 
the flow in them is composed : (o) of the sowagB proper, which 
is nearly equivalent to the water supply ; {b) of soil water enter- 
ing the sewers from the ground through leaks, or purposely 
admitted for the drainage of cellars and wet ground ; (c) sea 
water ienbing into the sewers, or purposely turned into them after 
being nsed for manufacturing purposes ; (d) water used for flush- 
ing the sewers. 

The vo'.urae flowing in sewera when no storm water enters them 
hajs eommonly been estimated in the past to be little in excess of 
the amount of the water supply. The experience with tlie Boston 
Main Drainage Works, and with many systems of pipe sewers 
from which storm water has been excluded during the past two or 
three years, baa shown that the soil water is a much more impor- 
tant element than pi eviously supposed. 

The population served by the Main Drainage Works in 1887 
was 274,000. The minimum daily amount pumped during this 
year Is given in the city engineer's report as 27,796,176 gallons, 
equal to 101 gallons per inhabitant. The average daily amount 
pumped, including storm water, is given as 43,630,657 gal- 
lons, equal to 159 gallons per inhabitant. These estimates 
were based upon pump measurements. To get the actual 
volume pumped, it ia necessary to make some deduction for the 
slip of the pnmps. This has been fonnd to be variable, and some- 
times very large, on account of the destruction of a rubber valve or 
for some other cause ; and it ia, consequently, more satisfactory to 
base estimates of the volume of sewage upon 42 measuremeots of 
the daily flow in January, February and March. 1887, made in the 
Moon Island reservoir. It is fortunate for our purposes that these 
measurements were made at a time of year when a lai^e flow in 
the sewers may be expected, on account of the waste of water to 
prevent freezing in January and February, and bceanse the soil 
water would be higher than the average in March, It is not to 
be expected, however, that bo few observations would include the 
roaximum flow which might occur during extremely cold weather, 
like that of January, 1888 ; or the effect of the unusual height of 
ground water which now exists (December, 1888), owing to the 
exceptionally heavy rainfall of the past few months. 

On 12, or 29 per cent., of the 42 days mentioned, the flow was 
affected by storms, and the volume of sewage varied from 152 to 
S26 gallons per day per inhabitant in the district sewered. One 
storm, probably snow, did not aSect the flow. On IS other days, 
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or 43 per cent, of the whole, the flaily flow per iuhabitant ivas 
greater thao 138 gallona, reaching a masimuai of 200 gallons. 
This incliiileii some days when water from melting snow ran into 
the sewers. On the remaining 12 days, or 29 per cent, of the 
whole, the flow was losa than 138 gallons per inhabitant, the lowest 
record being 100 gallons and the next lowest 1 18 gallons. 

Out of the 42 days, 18 can be selected wben it is known that no 
water entered the sewers from storms, melting anow or flushing. 
On these days the volnraea ranged from 100 to 147 gallons per 
inhabitant, averaging 132 gallons. 

To apply these resulta obtained on the Boston Main Drainage 
"Works to extensions of the system into the suburban districts, or to 
other sewerage systems, it is desirable to know the proportion in 
which sewage proper, ground and sea water contribute to make up 
the maximum volume given in the preceding paragraph. 

Doi'ing these three months in 1887, the average daily consump- 
tion of water in the part of Boston supplied by the Cochituate 
Works was 83 gallons per inhabitant. The district connected with 
the Main Drainage Works uses somewhat more than the average 
amount of water consumed, and the weather at the time of the maxi- 
mum flow was cold, BO that the water supply in the diatriet at this 
time may be called 90 gallons per person. The sewage proper is 
assumed to equal the water supply. This does not take into 
account the water which for various reasons may not find its way 
into the sewers ; nor, on tlie other hand, the water supplied from 
Jamaica Pond or from private sources, such as the wells of brew- 
eries and manufacturing establishments. 

The amount of sea water entering the sewers has been estimated 
from many determinations of the amount of chlorine, made in 
May, 1885, by the late Prof. Wm. Eipley Nichols. The mean 
result found was that U,5 per cent, of the volume flowing at that 
time was sea water, equal to 3,300,000 gallons per day. Aa 
there is no reason to think that the quantity of sea water entering 
the sewers has changed, this volume is assumed aa the amount in 
1887. It is equivalent to 12 gallons per day per inhabitant. Of 
this sea water, 1,000,000 gallons per day, equal to nearly 4 gallous 
per inhabitant, comes from a sugar refinery in South Boston, and 
as it is not polluted it should be excluded from the sewers. The 
remainder is mostly leakage into the old sewers near the water 
front. 

Subtracting the sewage and sea water from the total, there 
remains 45 gallons per inhabitant per day to be classed as ground 
water, which may be subdivided into that leaking into the sewers 
and house connections, that coming from the drainage of cellare 
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and low lands, and tbat allowed to come froely ioto such seven 
as have been btiilt to take the place of brooks. Some of this 
ground water could be kept eeparale from the sewage and dis- 
charged by independent channels into the harbor, relieving the 
main system to some extent, 

Collecting the above subdivisions of the maximum daily flow, 
the following table is obtained : — 

Sewage proper, equal to water supply, . .90 gallons. 

Sea water. 5 ''"'''^Se » 

( from sugar refinery, ... 4 

— 12 
Ground water, 45 " 

Total, UT- 
AH the foregoing statements refer to the average rate of flow 
during the whole day. 

As the larger part of the water supply is used in the day time, 
the flow of sewage at this time is. correspondingly increased. 
This increase during some hours of the day is estimated to be 
at the rate of 30 gallons per day per inhaliitant, which, added 
to 147 gallons, makes the masiiaum rate of sewage flow, when no 
storm water enters the sewers, and excepting extraordinary occa- 
sions, 177 gallons per inhabitant. 

The twenty-eighth day of January, 1888, being an estremely 
cold day at the end of a very cold week, furnishes an instance 
when the volume of sewage was greater than the maximum above 
given. This case will be referred to in detail, because of its 
value in designing sewers from which storm water is excluded, 
rather than for its value in connection with the capacity of the 
Main Drainage Works, where the provision made for storm water 
is sufficient to take care of the sewage flow at a time like this, 
when it is evident that no storm water could enter the sewers. 

_The volume of sewage by pump measurement on this day was 
186 gallons, or, with 3 per cent, allowance for slip of pumps, 
177 gallons per inhabitant. As the pump measurement was not 
considered wholly trustworthy, the records of the water department 
were obtained, which showed that the amount of water consumed 
en this day was 15! gallons per inhabitant. It would require but 
26 gallons of ground and sea water, in addition to the water 
soppiy, to make up the 177 gallons deduced from the pump meas- 
urement, so that it seems fair to assume that on this occasion the 
latter measurement was substantially correct. Other records of 
tbe water depai-tment, giving the pressures in the pipes in the city 
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at different hours of tbe day, furnished a meaoa for deterraiQing 
approximately tbe quantity of water being consumed at these times. 
On account of the great waste of water at night to prevent pipes 
from freezing, '..be rate of flow was unusually uniform ; yet there 
were about six hours when ths consunoption of water waa at tbe 
rate of about 19 gallons per day aJjove the average for tbe whole 
day, from which it may bo inferred that the maximum rate of 
sewage flow during a part of the day was at the rate of 136 
gallons per inhabitant. 

The amount of water consumed iu many cities and towns on 
the day above mentioned is reported to have exceeded any pre- 
vions records. In answer to inquiries made at the time, returns 
were received from which the following table has been deduced : — 



New Bedford, I 
Brookiine, Mass., 
I'rovideuce. li. I., 
Waltham, Mass., 
Newton, Mass., . 
Taunton, Mass., 



The table shows a remarkable difference in the amount of 
water wasted in different places to prevent freezing of water 
pipes, and is instructive as to the Tolumea to be provided for iu 
designing sewers. 

But few sewer gaugiogs have been made to determine the 
mean or maximum rate of flow in sewera when not affected by 
storm water. Such as are available and may furnish information 
in designing sewers for the Mystic and Charles River valleys will 
be referred to. 

In St. Louis, gaugings of the Compton Avenue sewer were made 
evei-y hour for several days in March, 1880. Tbe maximum flow 
was at the rate of 202 gallons per day for each of tbe 8,200 

I inhabitants in the district sewered. Every night the rate of flow 
diminished to about 00 gallons per inhabitant, which probably 
consisted of ground water and waste from the water supply. 
Very complete gaugiogs of the volumes flowing in the sewers 
In Providence, R. I., taken in 188i by Samuel M. Gray, city 
engineer, showed that the maximunn flow in different sewera varied 
from 39 to 408 gallons per day per person connected wiLh them. 
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Ffotn tbis very great variation, it is evident tbat the result 
obtained from any one sewer lias little value to thoae not familiar 
witb tbe cauaea of the varifitioo. 

Tbe report containing these gaugiogB gives an estimate based 
upon them of the total daily dry-wDather flow of town sewage ae 
3,000,000 gallons per day, 36,421 inhabitants being connected 
with the sewers. Tbe volume per inhabitant is consequently 
82,4: gallons per day. The average daily amount of wate*- sup- 
plied by the Providence water works during this year was 35 
gallons to each inhabitant in the whole city. From these i-esults 
it may be inferred that the amount of ground and sea water 
which found its way into the sewers was in the neighborhood 
of 47 gallons per iubabitant. 

To obtain further information as to the amount of ground 
water finding its way into syatoma of sewers from which storm 
water is excluded, a circular was sent in January, 1883, to those 
in charge of all known systems of this kind in the United States. 
Many replies were received, but in most cases no measurements 
had been made from which exact information could be furnished. 
The general statement was made in several instances that there 
was considerable gronnd water which had not been measured. 
The deSnite information received ia as follows : — 

Kalamazoo, Mien. — "Some ground water finds its way into the 
svst^TO, estimated, from data taken before the sewers were open for 
public use, to be 20 per cent, of ihe capacity of the mains " 

NouFOLK, Ta. — "No accurate estimate made, but ground water 
forma at least 60 per cent, ot pumping." From information given 
elsewhere in the returns, the maximum flow is found lo be about 167 
gallons daily per inhabitant connected with the sewers. Of this, tbe 
gromid water, estimated at 60 per cent., equals 100 gallons. 

Schenectady, N. Y. — "The sewera are laid through wet ground 
and quicksand in some instances. The Eric Canal seepage also 
affects them in a small degree. Heaaiirementa made at about the time 
the system was completed indicate that the inliltration of gromid wat«r 
amounts to about 5 percent, of the capacity of tlie mains," 

I have recently examined two new systems of pipe sewers 
which were built with the intention of excluding ground water, 
and in both cases the amount of such water collected by the 
sewers was considerable. In one of these cases, where the 
population connected with the sewers is small, the amount of 
ground water will probably exceed that of the sewage proper. 

To determine tbe qnantity of sewage which will reach the 
Boston Main Drainage Works, should a large amount of suburban 
territory be connected with tb«m, requires a coosideration of the 
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^^B^ following points : Sewers built in exteutling these works in the ^^H 
f future will as a rule be more nearly water-tight than those built in ^^H 
the past ; but, as these scwera will be in less populous (listriotB, ^^H 
1^^^ the amount of leakage per inhabitaut may be even greater than ^^^H 
^^^L now, unless some radical change is made in the methods of con- ^^^| 
^^^H struction so as to make the sewci-s watsr-tight, or the soil water ^^^| 
^^^H ' is removed by independent draiuage pipes. ^^^H 
^^^B Keeping tbe sewage separate from the storm water in the ^^^H 
^^^1 districts not now provided with sewerage systems will permit a ^^^H 
^^^H much larger territory to be connected with these works. ^^^H 
^^H The amount of water consumed in the suburbs is much less ^^^| 
^^H than in the city, and will probably continue to be so iu the future, ^^H 
^^f owing to the smaller amount used for manufacturing and bnsinesa ^^H 
f^^ purposes, and because of the number of inhabitants who go to ^^H 
[ the city in the day time. ^^H 
■ The average daily consumption of water per inhabitant in ^^^| 
^^^1 Boston, and in some of the suburban cities and towns to be ^^^H 
^^^H considered in connection with the Boston Main Drainage Works, ^^^H 
^^m is in the following table : ~ ^^H 


^^H citr 6r 


■"""■'"""""" ^M 


^^H Boston fCochitoate Works) 

^^H Brookline, 

^^^1 Newton, 

^^B Waltham 

^^^H Cambridge 


81 gHllons. ^^1 


^^H Having in view the foregoing facts and statements, the daily ^^H 
^^H allowance of sewage, exclusive of storm water, in the city dis- ^^H 
^^^1 tricts where the cousumption of water is large and tbe sewers are ^^^H 
^^^1 built to receive surface water, is estimated to be 117 gallons per '^^^1 
^^^H inhabitant during seasons of low flow, and 132 gallons daring ^^^H 
^^^1 seasons of high Sow, such as are produced by cold weather, ^^^| 
^^^1 or at times when there is much water in the ground. During the ^^^| 
^^H parts of a day when the most water is used, the rate of flow is ^^H 
^^H estimated to be 30 gallons more than the figures given. ^^H 
^^^H For tbe suburban districts, where less water is consumed and ^^^| 
^^^B where it is proposed to exclude surface water, the corresponding ^^^H 
J^^g Ogures are estimated to be 85 and 110 gallons, with an additional ^^^| 
P rate of 25 gallons per inhabitant during parts of the day. ^^^| 
The amounts of sewage in the two cases above given are not ^^^| 



iuterraecliate conclitioQ exists ; but, by Judiciously grouping por- 
tions of these dietricts witli one of these classes, and the remain- 
der with the other, a sufBciently accurate estimate may be made. 



The report of the Masaachuaetta Draiuage Commission proposed 
that sewage from Hyde Park, Dedbam, Brookline, Newton, Vfal- 
tham and Watertown, the larger parts of Cambridge and Somer- 
ville, aud the whole of the Brigbtou and CharleBtown districts of 
Boston, should be disposed of by the Boston Main Drainage Worka- 

The population iu 1885 of the district which would be tributary 
to the Main Drainage Works, if all of these places were connected 
with them, was 504,000. From estimates of the future population 
of thia district, together with the amounts of sewage to be allowed 
per inhabitant, as above given, it ia found that the dry-weathor 
flow of sew^e will be increased in lOOG by about the same amount 
as the capacity of the works when developed ; so that the volume 
of storm water they will take will then be about the same as 
now. As a large part of the territory to be added admits storm 
water to the sewers, the overflows would operate with much less 
rainfall than at present, and at or soon after 1906 some further 
relief would be needed. 

The time between the completion of the works and this date 
would be so short !13 to make it undesirable to add the whole terri- 
tory mentioned, if some other provision can be made for a portion 
of it. 

The investigations made under your direction have shown that 
Cambridge, Somerville and Charlestown can be provided for by 
the North Metropolitan Sewerage System until 1930 at a reason- 
able cost. It is very desirable to connect the remaining cities and 
towns (excepting possibly Dedham, which may be taken care of by 
itself) with the Boston Main Drainage Works, if they have suf- 
ficient capacity. 

The population connected with the Boston Main Drainage 
Works in 1888 is estimated to be 2fl3,000. 

The estimated popidation in 1030 of the territory in Boston 
which it is feasible to connect with these works ia 546,000, and 
of the suburban district, comprising Hyde Park, Dedbam, Brook- 
line, Newton, Waltbam and Watertown, 160,000 ; in all, 706,000. 

Using these estimates of population, and the estimates before 
given of the volume of sews^e per inhabitant and of the capacity 
of the works, the table given below has been prepared, showing 
the total amounts of sewage under different conditions, and the 
corresponding amounts of storm water which can be taken oaie of. 
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lu this table no ullomiace is made for the temporary increase in 
the capacity of tlie works due to the storage of the eewage iu the 



Pkebint Costoi 


ION -1888. 








'™H:r'"" 


UinmuM B 


I» 0» fLO* 




twaX"' 


blgH Bcn>. 


Soioni or 
lov Buw. 


li"'"fliJw, 


Muxlmnni capacity o( works, 

Volume of ««■»(«,. . . 
Capacity toi ilotiu water, 


112,000.000 
34.IKK),00n 
78,000,000 


112.000,000 
3B,llOn,000 
78,000,000 


112,000.000 
43,000,000 
69,000,000 


112,000,000 
47.™i,O0O 
6S,000,000 


FuTVBB Condition — 1B30. 


Mailmam copncily of work*, 
VolnmpotBewanc, . 
CapBoLty (br storm water. 


IM, 000,000 
77,(HH>,0CO 
77,000,000 


1S4.000.1K)0 
BO.OO(),IMIO 
81,000,000 


l.'il. 000,000 
9S,00(l.0O() 
M,O0O,0O0 


l.M. 000.000 
110,000,000 
44,000,000 



k 



The first colamn of the table shows the average oondition which 
will exist during the larger part of the year; and it will be 
observed that the capacity for storm water in 1930, with this 
gwallor disti'ict added to the woi'ks, will be Bubetantially the same 
as at the present time. The second column, whicii represents the 
condition which will exist during a amailer part of the year, shows 
a moderate reduction in tlie storm water capacity. The further 
reduction indicated in columns thtee and four are less important 
than they may appear, as they apply only to the high sewage-flow 
in the daytime, and are offset in part by the oorreapondingly 
greater capacity for storm water during tbe hours of low flow at 
night. 

From these results the couclueion Is reached that the Main 
Drainage Works, when developed as before indicated, without the 
eonstniction of tbe " high-level " sewer, will liave sufficient capac- 
' ity to dispose of the sewage of Hyde I'ark, Dedham, Brookline, 
Ncwtou, Waltham and Watertown, and the portions of Boston 
which can be serN-ed by it, until 1&30. 

Thb Peesent Operation of the Main Drainaob Works, with 
Reference to the Outlet. 

The following report is based chiefly upon personal observations 
during tbe first two and a half years of the operation of the works. 

The discharge of sewage from the reservoir at Moon Island is 
begun either one or one and a half hours after high tide, when 
the outward current past tbe outlet is well established. About 
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15,000,000 galloDB of sewage are discharged in alxiiit 40 miuotee. 
As the sewage is lighter than the sea water, it rises toward the 
surface soon after being discharged, and spreads out until it has 
a depth of less than a foot. Half an hour from the beginning of 
the discharge the sewage covers aa area about half a mile in 
diameter. In this condition the sewage, already considerably 
diluted, moves outward with the current, and further dilution 
takes place, the process going on most rapidly at the bottom of 
the layer of sewage. Up to a certain stage in the progress of this 
dilution, the surface of the sewage contains enough greasy matter 
to prevent waves, except when the wind blows very hard. When 
the dilution of the sewage has progressed so far that waves 
begin to foiin and its specific gravity has approached that of 
sea water, it rapidly becomea mixed with water from greatei 
depths, and very soon cannot "be distinguished by the eye or nose 
from unpolluted sea water. The last change here described usually 
takes place in less than an hour and a half after the sewage is dis- 
charged, and at a distance from the outlet not exceeding two miles. 

In the above statements reference is made to the sewage as it is 
indicated by the discoloration of the water, neglecting the sus- 
pended particles, most of them heavier than either sewage or salt 
water. Their presence io the sewage is made apparent by deposits 
which form upon the bottom of the reservoir to a depth of about 
one-quarter of an inch each time the reservoir is filled, and by 
deposits which fonn to a greater depth in the small cove situated 
between the outlet pier and Moon Island, and sheltered from all 
currents. Some examinations were made, to ascertain if deposits 
had taken place elsewhere than in the cove above mentioned. When 
the works had been in operation about a year, I examined at low 
tide the shores of Long Island, where deposits were most likely 
to gather, but could not find any. The next year an examination 
was made by my direction of the shores of several islands near 
the path of the sewage, also of the southerly shore of Moon Island 
and of the bar leading from it to Squantum. No deposits were 
found that appeared to have come from sewage, with the excep- 
tion of a few grease balls. 

On the north-easterly side of Moon Island, near the outlet, 
are some flats below the level of ordinary low tide, over which the 
sewage flows at each discharge. One day, when these flats were 
nncovered by an extremely low tide, they were examined and very 
little sewage deposit was found. With so little deposit upon fiata 
over which so much sewage ha<l passed, it seems probable that no 
deposit takes place in the channels where the currents are 
stronger. 
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Od one occasion bottle^ were filled every 15 ininutea from tbe 
area of sewage going outward with the current. These bottles 
were kept iu an office for a loug time, and those taken one hour or 
more after the beginning of the discharge never showed by their 
appearance or odor that they contained any sewage. 



Tqe Methods by which each Ciir on Town in tub Noetu Met- 
ropolitan Sh:weieage Distkict may pkovide for itseli- a 
SrsTEM of Sewerage with its Odtlet into the Main System. 
The third section of chapter 95 of the Kesolves of 1887 requires 
the State Board of Health " to define the methods by wliieh said 
cities and towns, or parts of any city or town, may utilize the 
trunk line and main branches aa an outlet of a system of sewer- 
age and drainage for said respective cities and towns, and parts 
of cities and towns, and to show tbe same by plans and maps." 
The fourth section of the Resolve requires "such sui'veya and 
levels to be made in said cities and towns and parts of cities and 
towns as will enable said Board to determine with accuracy tbe 
methods by which said cities and towns and pai'ts of cities and 
towns may respectively utilize said trunk line and main branches ; 
and to report 8ucb luetbcUs by plana BbvwiDg tbe main lioea by 
which each may so provide for itself a system of sewerage and 
drainage with its outlet into said trunk line or main branches." 

Id caii'ying out the duties required by this Resolve, the first 
thing done was to obtain copies of the best existing plans of 
each of the cities and towns in the district. On these were put 
all existing information which could be gathered as to the eleva- 
tion of the streets, and other features of importance in designing 
a system of sewers. 

The Resolve of the Legislature authorizing this work requbes 
only that the main lines in each city or town and their connections 
with the main system shall be determined, and shown by plans 
and maps ; but, to make accurate plans of the main lines, it is ' 
obviously necessary to know the area of the contributing district, 
its population, and the total length of its streets. This made it 
necessary to determine tbe general features of the whole sewerage 
system for the city or town. 

To do this, each city or town not now provided with sewers was 
i-econnuitred, and the direction in which sewers should run in each 
street was indicated upon the plans, as well as the outline of tbe 
different sewerage districts. Where the existing informatioa was 
inBiitficient to determine tbe gcoeral features of the sewerage sys- 
tem, additionallevels were taken. 



100 REPORT ON SEWERAGE. [Jan. 

The lines of raaio sewers sbowa upon tUese preliminary plans 
were measured and levels were taken along them, escei>t where 
OQ account of previous information tills work was unnecessary ; 
an<l large scale proflies were made, on which were drawn main 
sewers of the proper size and grade, and their connectiona with 
a sewer of the main system. Finally, tracings of the auwerage 
plans of each city or town, and of the prollles reduced to a 
small scale, were prepared in snch a way that photographic copies 
of them could be made. 

The system shown as thus indicated for each city or town 
19 that which from all available information appeared to be the 
best one to adopt. In some cases, however, the sewers can bs 
arranged in several ways with almost equally good residts, and the 
plan to be selected wUl depend hpon local conditions, such as the 
growth of population m certain localities and the construction of 
new streets. When sewerage is to be provided for only a part of 
the districta in a town, it may be desirable to extend the limits 
of those districts in which sewers are to be built so as to include 
thickly settled areas beyond their borders. 

In deciding which were the main sewers of the towns, those 
required to drain distant low districts have been included, 
as well as the larger sewers connected with the Metropolitan 
system. 

The main features of the sewerage system of the several cities 
and towns will now be described. The details are shown upon the 
plans now deposited in the office of the Boai-d. 

Sloiieham. — The Metropolitan system funiishes two outlets for 
the sewage of this town. The principal one, which by the con- 
Blructioa of a system of sewers in the town can be made to sei-ve 
nearly the whole of the thickly s-ettleil portion, is located at tbe 
town lino between Stoneham and Wobuin, near Monlvale Avenue. 
The other outlet is in South Street, at the town line between 
Stoneham and Melrose, and pro\"iile9 [or the village of Hayward- 
« vUle and the large territory tributary to Spot I'ond, now sparsely 
settled, but which may in the futora reqnii'e sewers. The con- 
struction of a system of sewers within the town to connect with 
these outlets presents no special difficulties. 

Wobuni. ~-The sewer already built by the city ol Boston to 
take the drainage from the tanneries will be included in the 
Metropolitan system as far up as the boundary lint, between 
Wobntn and Winchester. This sewer will furnish an outlet for 
the larger part of tbe central village. To serve the lower portions 
of this village and Cummingsville, an outlet at a lower level is 
provided at the town line near the outlet of Horn Fond. 
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East Woburn and the territory in tije northerly part of tlie town 
Clin find an outlet into thtr sewer running from Stonehnm tlirougli 
East Wobnrn to Winchester. The sewage of North Wobiirn can 
bo taken by a main aewer in the vnllcy of tbe Abbajona River to 
Eust Woburn, a method which would provide for the growth of the 
foniier village into lower territory and for any future popidation of 
tbe valley below. As, however, sewerage facilities may be re- 
quired for this village before it is considered desirable to build so 
much main sewer through a district containing bo few inhabitants, 
another lino haa been surveyed, taking tbe sewage into the sewer 
draining the lower portions of WoTjum Centre ; and this low-level 
HGwcr has been designed large enough to take the sewage from 
North Woburn. 

Winchesler — The sewer built "by the city of Boston through 
this town has been adopted as a part of the main sewer of tbe 
Metropolitan system, and a branch of this system runs nearly 
parallel with the Abbajona River from tbe mam to East Woburn, 
BO that many opportunities are furnished for connecting the sewers 
of Winchester with the main system. Eight connoctlona with 
tbe main are shown on the plans prep.ired for the sewerage of 
tbe town. 

Medford. — The main sewer of tbe Metropolitan system in this 
towu lies north of the Mystic River. It extends from Winchester 
to Everett, and in ita course passes through tbe villages of West 
Medford, Medford Centre and Wellington. In the village of 
West Medford it is joined by the Alewifo Brook branch. These 
sewers furnish a favorable outlet for all town sewers north of tbe 
river, escept in the westerly part of West Medford, where there is 
a small district near the river which these sewers are too high to 
accommodate. For this district a suitable outlet is provided on 
the northerly side of the river by means of a low-level sewer, 
to be biiiit across tbe river to the pumping station on the Alewife 
Brook branch. 

For tbe district on the southerly side of tbe river two outlets 
are provided. One of these ia located in Mystic Avenue at the 
Somei-ville line, where the bottom of the sewer is nearly at the 
level of low tide. With a main town sewer built in Mystic Ave- 
nue, South and West streets, with the pi'oper grades, this outlet 
will provide for the sewage of the whole district north-east of 
the Lowell Railroad. Sewage from the higher territory on the 
Ol)p0Bite side of the railroad is to be carried in a north-westerly 
dii'ection to a branch of the main system, ending in Boston Avenue 
at the Somerville line. The sewage from this higher district will 
reach the main sewer of the Metropolitan system by gravity, 
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ad be pumped, to 



while tliat from the ilistriot before mentioned w 
from Cambi'klge, Somerville and Charlestown, . 
the main sewer. 

Belmont. — Tbe main outlet for this town wilt be furnished by 
a branch of the main system, ending at the town line between 
Belmont and Cambridge, south of the Fitchbnrg Railroad. This 
branch will take the sewage from the wbola town, except a amall 
district in the south-easterly comer near the Watertown line. 
Thia district can be sewered id connection with the adjoiuing 
portions of Cambridge, either by the system of city sewers, now 
partly constructed, which would empty into the intercepting sewer 
near Charles River, or by a sewer around the westerly and north- 
erly sides of Fresh Pond to the head of the Alewife Brook 
branch of tbe main syatem. 

Arlington. — Three short branches, to be built from the Alewife 
Brook branch across the brook into Arlington, provide outlets 
for tbe sewage of this town. One of these outlets is located in 
Decatur Street, a second in Charlestown Street, and the third on 
private land north of the Arlington Branch Railroad. The prin- 
cipal sewer of the town has been designed to enter the second 
outlet, the other outlets being provided for the main sewera of 
the lower diatriets near Myetia River nnd Spy Poud, 

There are no engineering difficulties to prevent the principal 
sewer from being carried to either of the outlets last mentioned, 
and local conditions when the sewera are built may make it desira- 
ble to modify tbe plans in this respect- 

Cambridge. — This city now has a system of sewers discharging 
either into Charles Eiver or Alewife Brook. It is proposed to 
intercept these sewei-s near their outleta in ail but a few cases, to 
be refen'ed to, where the intercepting sewer is necessarily located 
at a considerable distance from the river. The main sewer used 
jointly by Somerville and Cambridge, and having an outlet at 
Craigie'a bridge, is flrat intercepted where it crosses the Metro- 
politan sewer. It is proposed to intercept it again at the line 
between Somerville and Cambridge. The territory below this 
point is provided with an independent system of sewers at a 
higher level, which receives all the local sewage, so that further 
interception of the lower main sewer is unnecessary. The sewage 
in the higher system is to be intercepted at the corner of Bridge 
and Cambridge streets, and carrietl back by a sewer in Bridge, 
Winter, Fifth and Gore streets to the Metropolitan sewer at the 
comer of Medford and Warren streets. It is a branch from this 
sewer at the corner of Winter ajid Fifth streets which will inter- 
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cept the Somervitli! nod Cambridge sewer at the city line, as above 
tuentioiied. 

Sewage from the lai^e territory now floding an outlet through 
the Biuney Street sewer is to be intercepted at the corner of 
Binney and Ninth streets, and carried to thb Uiitropoiitan sewer 
in Portlaud Street. There is quite a large territory between 
Niuth Street and the river, which it was formerly iutendod to 
drain into the large Binney Street sewer below the point where 
the sewi^e ia intercepted ; but, as this would in the future permit 
a large quantity of aowago to go into Cbarles Kiver, a system of 
sewera Bhould be adopted for this district to bring tbe sewage 
back to Ninth Street. The storm water can go into the Binney 
Street sewer. 

Somervilte, — Thi-ee sewers of tbe Metropolitan system pass 
through this city ; one from Cambridge to Charlestown via Med- 
ford and Poplar streets, private land, Washington and Cambridge 
streets ; apother from Medford lo Charlestown most of tbe way 
in Mystic Avenue, and the third from Cambridge along Alewife 
Brook to Medford. Most of Somen'ille is laid out into sewerage 
districts, in which many sewers have already been built. The 
method of intercepting the Somervillo Avenue sewer has already 
been desciibed in cunuection with Cambt'Ldge. Otbcr existing 
sewers will be intercepted where they cross the main system. A 
convenient outlet is provided by this system for all districts not 
DOW sewered. 

Charlealown. — The sewers of the Bleti-o poll tan system run 
through the marginal streets of this district, and will intercept all 
city sewers. To prevent all sewage from entering the harbor, 
new sewers connecting with the iateroeptiug sewers will bo required 
from the State Prison, navy yard, and a few small marginal areas. 

Mdroae. — A branch of the Metropolitan system enters this 
town at the Maiden line, a short distance east of the Boston and 
Maine Bailroad, and runs parallel with the railroad tu Wyoming 
Avenue, thence westerly in this avenue to the Stouebam line. All 
of the sewage from the tliickly settled parts of the town can be 
brought into this branch, the main sewer of the town connecting 
with it in Wyoming Avenue just east of the railroad. 

In the sonlh'castcrly corner of tbe town there is quite a large 
territory, now containing very few inhabitants, which natui'ally 
drains through Maiden to the Pines River. Should sewers bo 
required for this territory, they will have to follow the natural 
direction of the drainage to Maiden, where it will be feasible to 
connect them with city sewers tributaiy to the Metropolitan system. 

Moith of this territory is a still larger one along the easterly 
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side of the town, which natui'ally drains towards the Saugus 
Kivei', and now coDtains only a few Bcaltered bouses. From 
some parts of tliia district, -where growth of population now seems 
most likely to take place, it will be feasible to divert sewage into 
the Metropolitan system by means of aewera crossing low points 
in the boundary between the Mystic ami Sa.igus water-sheds. If 
sewers should ever be required for the remainder of the district, 
the sewage could not be brought into the Metropolitan system. 

Maiden. — One branch of the Metropolitau system enters this 
city from Everett at Green Street, and extends iu a northerly 
direction, passing thi'ougb Middlesex and Pleasant streets and 
Linden Avenue in the central portions of the city, to the Melrose 
lino a short distance east of the Boston and Maine Railroad. A 
second branch ends in Pearl Street at the Medford line, and will 
furnish an outlet for the soVago of Edgeworth, and for the terri- 
tory west of Maiden Giver and the Boston and Maine Railroa.d, 
nearly up to the Oak Grove station. 

The most difficult part of the city to provide for is the village 
of Linden, on account of its low level and remoteness from a 
pumping station. To bring its sewage into the main system, it is 
necessary to construct from this \-i!lage a main city sewer with an 
unusually light grade and iu a rather deep cutting, generally 
parallel witli the Saugus Branch Radroad, to the branch aewer first 
mentioned, or to pump the sewage so that better grades may be 
obtained and the depth of cuttings be reduced. A comparison of 
the velocities obtainable in the sewer having the lighter grade with 
those which are found to give good results in practice, shows that 
this sewer could be made to operate in a satisfactory manner, if 
carefully constructed, and given an unusual amount of attention 
whesn in operation to keep it flushed and clean. As the amount of 
attention would be very much ieaa than that required to operate a 
pumping station, not to mention the cost of fuel, and.as the first 
cost of a pumping station would probably more than offset all 
that could be gained' by constructing sewers at a less depth, it 
seemed obvious that the scheme which did not require the pump- 
ing station was by far the better one to adopt. This aewer and 
the branches of the main system will provide convenient outlets 
for all portions of the city not yet mentioned. 

Everett. — The main sewer of the Metropolitan system passing 
through this town from Medford to Chelsea, and the branches to 
Maiden and Charlestown, furnish convenient outlets for sewers in 
all parts of this town, with the exception of two districts in the 
northerly portion. One of these districts, located on both aides 
of Ferry Street, north-west of Broadway, drains naturally towards 
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Maiden, and cau be sewered tlirongli llie Maiden sewera to a 
brancli of the main systein. The otlier district slopes towards the 
Pines River, and cannot be brought into the main system. The 
latter district has an area of 240 acres, mostly occupied by the 
Woodlawn Cemetery, and contains few inhabitants. 

Chelsea. — The main sewer of the Metropolitan system extends 
from the Everett line through Second, Winnisimraet, Williams 
and Marginal streets to Eastern Avenue, where it turns and 
crosses Chelsea Eiver to a pumping station in East Boston. A 
branch is located in Eastern Avenue from Willowby Street to the 
main at Marginal Street. These sewers will intercept all dis- 
tricts now sewered excepting the Pratt%'ille district, a small 
district extending from Beacon Street along Broadway to an 
outlet at Chelsea bridge, and a small portion of the Spruce' Street 
district west of Second Street. It will be feasible to connect 
these districts and all others not now sewered with the main system. 

East Boston and Breed's Island. — A main branch and several 
subsidiary branches of the Metropolitan system discharging into 
the main sewer at the pumping station will intercept all of the 
city sewers in East Boston south-west of Swift Street, excepting 
a pipe sewer a few hundred feet in length in Putnam Sti'eet. 
Ample provision is made for the very small portion of this 
territory not now sewered, and for land which may be made by 
filling marshes and flats. Breed's Island and the portions of 
East Boston north-cast of Swift Street now have no sewers except 
in Moore Street and a street crossing it. In the whole of this 
territory it is proposed to exciade storm water from the sewers 
The main sewer in this vicinity, carrying the sewage after being 
lifted at the East Boston pumping station, is at a higher level 
than in most places, bnt it is low enough to take sewage from 
nearly all of the uplands. To provide for land already made or 
which may be made by filling npon the mnrshcs, and for some 
uplands, niostly in the Moore Street district, a sewer leading 
back to the pumping station will be required. In this way pro- 
vision can be made for all pai-ts of this territory without an inde- 
pendent pumping station. 

Wintlirnp. — The main sewer crosses Belle Isle inlet into Win- 
ttirop a short distance south of ttie Boston, Winthrop and Shore 
Railroad, and runs in an easterly and south- easterly direction, 
passing through tiie junction of Winthrop, Main and Revere 
streets, imd across marshes to Shirley Street near Peai*l Avenue ; 
thence through Shirley Street to the end of Point Shirley. At 
the upper end its bottom is about one foot and at the lower end 
about six feet below low water. 
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The sewage of Wiuthrop Highlands can ha brought to the 
main system by two main town sewers, one on the easterly side 
passing through Beach Rood and Shirley Street, and the other 
on the westerly side crossing the marsh. Tlie sewage from Wiu- 
throp village can be brought to the main at Pleasant Street, 
Winthrop Street, and the estension of Buchanan Street The 
larger part of this village will be served by the Pleasant Street 
sewer, whieh it is proposed to extend by the moat f.ivorablc roate, 
much of the way near the railroad, to tbo southerly part of the 
village. It is feasible to provide for all parts of this village, 
excepting a very small area at the corner of Somerset and John- 
eon avenues. The remaining portions of the town are near the 
main sewer, and can be connected with it without difficulty. 
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Independent STSTE.ya of Sewerage for the Cities asi> Towns 
IN THE Nonrii Metropolitan Sewerage District. 

The eighth section of chapter 95 of the Resolves of 1887 requires 
the State Board of Health to consider and report " whether any 
city or town within such district can more advantageously provide 
for itself a system of sewernge aod druinage by itself, and not as 
a part of said general system. " 

There are three ways of disposing of sewage which may prove 
applicable to some of the cities and towns in this district : — 

1. The discharge of crude sewage into bodies of water where it 
will be sufficiently diluted to prevent offence. 

2. The removal of the suspended particles by chemical precipi- 
tation, and the subsequent discharge of the clarified effluent into 

3. The fdtration of the sewage through land, thereby partly or 
wholly purifying it. 

Winthrop and East Boston are so situated that they should be 
considered in connection with the fii-st method of disposal. 

The situation of the other cities and towns is such that their 
sewage cannot be discliarged into adjacent waters without cou- 
tribntiog to the pollution which a general system is intended to 
relieve. 

3VIr. C. H. Swan, C. E., has made for your Board investigations 
of the second method, as applied to the cities and towns of the 
Mystic valley collectively, which have shown it to be much more 
costly than the general system for disposing of the sewage at the 
Deer Island outlet recommended by you. It would cost as much 
; more to provide independent systems by this method for the 
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different municipal itiea, bo that on this gronad, regardless of other 
considerations, it does not appear that any city or town can more 
advantageously proride for itself by thia method a system o( 
sewerage. 

To apply the third method requires that a sofflcient area of suit- 
able land for filtering the sewage shall be available at a reasonable 
cost, and tliat its preparation for use shall not require too large an 
outlay. Preliminary investigations show that it would be more 
costly for the smaller towns, such as Winchester, Arlington and 
Belmont, to pump their aewi^e to land than to join the general 
system. In these towns no suitable land was found that could be 
reached by gravity. In Medford, the cost of pumping, together 
with tlie high cost of any land tbat might be available, make this 
method of disposal undesirable. In the cities and towns nearer 
Boston no available land could be found. In Stoneham and 
Wobum some land w.is found sufficiently available to make it 
desirable to consider tliese places more fully. 

These general considerations indicate that the only places in the 
North Metropolitan Sewerage District which require apefial consid- 
eration as regards an independent system of sewerage are Stone- 
ham, Woburn, East Boston and Winthrop. The case of Revere, 
which 18 outside of tliis dietrict but which might be connected with 
it, will also be refeired to. 

Stoneham. — The present population of the town is about 6,000, 
Nearly all of the inhabitants who will need sewerage for a long 
time live in the territory which drains towards Woburn, and only 
this territory will be considered. It ia estimated that not less 
than forty-live acres of such land as can be reached by gi-avity will 
be required for filtering the sewage. Only a small amount of suit- 
able land ia situated low enough to receive the sewage from the 
whole territory, but additional land at a higher level can be had, 
to which sewage from tbc main village and the higher parts of 
the territory can be diverted. 

The land selected was the best in Stoneham for filtration ; but 
both in material and topography it did not appear from surface 
indications to be very well adapted to this use. In the absence 
of examinations by test pits, the amount of sewage which can be 
purified per acre cannot be stated definitely. For the purpose of 
ascei'tainiug approximately the cost to the town of this method of 
disposal, as compared with the cost of joining the general system, 
it has been assumed that the amount of land required at present 
would be, as before stated, forty-five acres. 

Estimates were made of the cost of intercepting the sewi^e 
from the higher districts, of purcbasing enough land to make a 
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reasoQable provision for the future, of preparing forty-five aci 
and of all other work incidental to this ayatem ; aiao, of the CMwt of I 
operatiog. These eatimates indicated that this system, if wlioUy 
Buccessful, would probably be cheaper for Stonchani than to joia 
the general syatem. When, however, the disadvantages of estab- 
lishing a sewage field near and upon land now used to some t:xtent 
for building purposes, the trouble that may arise from turning 
insufficiently purified sewage into a stream used lower down as a 
water supply, and the uncertainty as to the successful poriScatiou 
of sewage upon land of this character, are taken into account, I 
am of the opinion that Stoneham would gain nothing by the 
adoption of an iadepeodeut system. 

Another scheme was considi'red for disposing of Stoneham 
sewage upon land on the easterly side of the village of East 
Woburn. This laud is naturally more favorable for Qltration than 
that in Stoneham, and not more than half as many acres would 
be required. The cost of preparation per acre would be less, and 
the chance of purifying the sewage successfully would be greater. 

The total cost of works in this case would be less than in the 
other, but this feature in favor of the scheme would be offset by 
the disadvantages of a location in another town, and in a part of 
a village now laid out mto streeta aod built upou to some eskut. 
The objectionable feature of discharging the cfllueat into a stream 
used for water supply would reniain as in the other cose, though 
to a less degree. 

TTofturn. — No available land could be found in VTobum or 
below it on which the sewage conld be discharged by gravity ; but, 
as this city has a population of 12,000 or more, pamping may 
not make an independent scheme too costly, and a scheme was 
investigated by which the sewage was to be collected on the 
easterly side of Horn Pond ami pumped through a force main 
about two miles long to a level tract of gravelly land north of 
the village of East Woburn, containing about seventy aci-es, and 
bounded by Salem, Pine and Central streets and the Abbajona 
Biver. The cost to Woburn of this scheme would be about 
the same as the cost of joining the general system. Under 
these csonditions the latter plan is obviously the better one t:) 
adopt. 

East Boston.- -This community is more favorably situated than 
any other lai-ge one in the Nortii Metropolitan Sewerage District 
for discharging its sewage in a crude state into the harbor ; and 
a plan for doing this by a single outlet into the current on the 
southerly side of Bird Island flats was recommended by the 
JIassachusetts Drainage Commission. As stated by the chief 
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engineer of that coiamission, this method of (Uai>osing of tlie 
tinionnt of sewage furnislied by Eiist Boston probnbly never 
woulil csiusc a scrions nuisitncc ; but, as the sawage discharged 
(luring tlie early part of the flooii tide woulil go up the harbor 
along the East Boatoo doeka and into the estnariea, wiiich it is 
proposed to keep free from sewage, it may properly be urged 
tliat liast Boston should not be allowed to put sewage into tlieae 
waters while other communities are prevented from doing so. 

The objections to connecting East Boston with the Metropolitan 
system now proposed, whicJi provides a main sower in East 
Boston, are very mnch less than they were to connecting it with 
the main system proposed by that commission, which would rcfiuire 
an inilcpendcnt pumping elation, e. siphon across Chelsea River, 
and the subsequent filtration of the sewage at the Saugos marslios. 

The estimated cost of the independent system for East Boston, 
proposed by that commission, is more than tiiat of a system of inter- 
cepting sewers for East Boston, and the cost oE enlarging the main 
sewer and other works of the Metropolitan system between East 
Boston and the Deer Island outlet to the extent required to carry 
the additional sewage ; moreover, the cost of operating an indepen- 
dent system of worlis would be much more than East Boston's 
share of the cost of operating the general system. The Metro- 
politan system provides for the whole of East Boston and Breed's 
Island, while the independent system did not provide for the terri- 
tory north-eaat of Swift Street in East Boston, or for Breed's 
Island. The relative cost to Boston of providing for East 
Boston's sewage by the general or an independi-'ut system depends 
upon the method to be adopted for apportioning the coat of 
the former; but, oven if the cost of joining the general systecn 
should he much greater, I am of the opinion that this course 
should be adopted. 

Winlhrop. — Tiiis town is now proposing to construct a system 
of sewers to accommodate the population along its beaches, provi-' 
sion being made for extending this system to other parts of tlie 
town. As it is proiwsed to dischargi; the sewage by gravity, at 
least for several years, the auoua.1 coat of operating this system 
would be small, so that it might be cheaper for the town not to 
join the general system. Taking into acconiit, however, the bet- 
ter grades to be obtained with a general system, the more favor- 
able outlet, and the fact that pumping will probably be required in 
the future to dispose of the town's sewage, it will probably be 
better for the town to join tlie general system. A definite opinion 
upon this point cannot well be given until the method of apportion- 
ing the cost to the different towns is determined. 
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Revere. — An outlet for the sewage of Ibis town cau be pro- 
rided by a branch of the main system passiug througb Chelsea 
and entering Revere Just nortU of tlio main line of tijc Eastern 
Division of the Boston auil Maine Railroad, It is feasible to 
bring tbe sewage of nearly the whole town to this outlet, though 
the sewers for this purpose would have light gravies, and be expen- 
sive to build. Whether it woulil be better for the town to join 
the system in this way, or to dispose of its sewage independently, 
would require a carefnl co us iilc ration, based upon surveys and 
estimates of cost of other schemes of disposal. As this town can 
hardly be considered in the Mystic valley, its case has not been 
sufficiently iuvestigated to warrant au opinion as to whether it 
would be for its interests to join the general system or not. 

EsTiMATER Cost of Sewerage Systems for the North Met- 
norOLiTAN AND Slisric Valley Districts.* 

By your direction, estimates of cost of the various schemes of 
sewerage for tbe North Metropolitan and Mystie valley sewerage 
districts have been submitted to your consulting engineer, Mr. 
J. P. Davis, and myself, for review. 

Mr. Carson furnished estimates of the cost of sewers and their 
appurtenances for all schemes, with profiles of the lines, showing ■ 
the materials as radicated by ho rings, and tlie cost of pumping sta- 
tions for all except the preeipitatiou scheme. Mr. Swan had pre- 
viously reported estimates of cost of this pumping station, and of 
all works beyond it connected with the precipitation sqheme ; also, 
of the annaal cost of precipitating the sewage. No estimates of 
the cost of preparing the Sangus marshes to filter the sewage, 
nor of the annual cost of operating the diEfereut schemes, were 
furnished, except as above stnted. To complete the estimates, 
these additions were made by us. The estimates of the cost of 
preparing the marshes to filter tbe sewage were made in advance 
of tbe experiments of your Board to determine their availability 
for this purpose, and before any special plans of this territory had 
been made. It was found, from an inspection of existing plans 
and from the report of the Maasachnaetts Drainage Commbsion, 
that there were 1 ,000 acres of available land io this vicinity which 
eoul<l be reached by the sewage ; and it was assumed that the whole 
of this laud would be required for the present population (150,- 
000) of tbe district to be sewered. As no designs for preparing 
the filtering area had been made, our estimates of the cost of 

■ Tbe formrr of Uicae dlrtrjrta Inciadas Ibe nbole of Charlastown, Cambridge and 
Samorville; tbs Utter inclndes none of Cbarlestown, and hut Dii»-aiatli of Cambrldgs 
■Dd one-flfth of SomeiTlllo. 
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tliis work were baaed upon Bonae rough sketclios made by ua in 
accordance with the common practice of pvoviding mains and 
carriers to distribute the sewage over the surface and underdrains 
at a depth of ais feet to remove the offlaent. The cost of dikes 
to keep the tide out was also included. 

Tlie aiiniial cost of operating the works was estimated upon a 
libera! basis, and included an allowance for renewals and repairs 
of all perishable parts, and for the general administration of the 
works. 

The estimates of the annual expenses for the different schemes, 
with present and prospective populations, are as follows : — 

as reoommended by 

Outlet at Deer Island Beacon, population 20(1,000, . (8-1,700 00 

Outlet at Deer Island Beacon, popula-tioif 613,000, . 116,200 00 

For the Mystic Valley District. 

Outlet at Deer Island Beacon, populaJion 150,000, . . 855,760 00 

Outlet at Deer Island Beacon, population 300,000, . . 72,020 00 

Filtration at Saugua marshes, population 160,000, . . 66,700 00 

Precipitation scheme, population 160,000, .... 139,800 00 

Precipltattoa scheme, population SlW.OOO 292,300 00 

The estimates sabmitted to ns were reviewed in much detail, 
the estimated cost of each of the different items being checked 
either by comparison with other work or by re-estitnating. The 
result was an approval of the estimates. 

Unusual care baa been taken in making the estimates of cost, 
pai-ticularly of the scheme recommended. The different special 
features needed for the proper operation of a sewerage system 
of this magnitude have been included, and the cost of the works 
has been estimated on a liberal basis throughout. I am therefore 
of the opinion that the estimated cost of the Noirth Metropolitan 
Sewerage System is sufficiently high to cover all ordinary contin- 
gencies, and that the works can, with proper management, be 
thoroughly built for the amount stated, unless there ia some large 
increase in the cost of labor and materials. 

Eespecffnlly submitted, 

F. P. STEARNS, 

Chief Engineer, 
Office Stath Boabd av HH.itTH, Doc. 2i, 1888. 
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BE PORT UPOJ}^ DISPOSAL BY CHEMICAL 

PRECIPITATION. 



By Charles H. Swan, C. E. 



Hiram F. Mills, C. E., Chairman Water Supply and Sewerage Com- 
mittee of the Massachusetts State Board of Health. 

Sir : — The chemical precipitation of sewage consists in adding 
certain chemicals to the sewage, whose action is to promote the 
deposition of the solid and of a portion of the dissolved impurities. 
They also act as deodorizers. The mixture of sewage and chemi- 
cals flows into tanks, where it is allowed to come to comparative 
or absolute rest. The impurities removed by the process settle to 
the bottom of the tanks, leaving a clarified liquid, which is drawn 
off after the chemical action has taken place. 

The precipitate is periodically removed from the tanks. In its 
original condition it contains a large amount of water and is too 
fluid to be transported as a solid. If the locality admits of ready 
transportation to the sea by water, it may be removed in the liquid 
state and be deposited in deep water. Otherwise, the most 
approved method is to extract the liquids from the precipitate, or 
sludge, by pressure, leaving the solids in a form which can be 
readily handled. When in the solid form the precipitate has 
some value as a fertilizer, dependent upon the nature of the sewage 
and the kind of chemicals used. Its sale, however, is effected 
with difficulty, and would bfe uncertain and unreliable. Usually 
the sludge has to be got rid of by the cheapest method that will 
effectually prevent it from causing a nuisance, the method varying 
in different places. 

The clarified liquids derived from precipitation processes, as at 
present conducted, contain a considerable amount of the dissolved 
impurities of the sewage, and require further purification. This 
may be accomplished by discharging them into a stream of uncon- 
taminated water, having a good current and a volume sufficient to 
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render tlie resultant mixture very dilute. Tliey may also be puri- 
fied by application to land, as in some forms of sewage irrigation. 

The Mystic and Maiden rivers are very small streams in dry 
seasons, and tbey frequently remain in this condition for long 
periods. Tidal action, also, is very vigorous in them, and its 
effect would be to retard seriously the progress of impurities towards 
tlie sea. The discharge of clariQed sewage into the upper portions 
of these rivers cannot, therefore, fje recommended. The sewage 
should be conveyed to the lower portion of the valley, and should 
be discharged, after treatment, into a current of sutScient sti'ength 
to convey it to the watera of the harbor within a limited time. 

The tidal currents of Boaton haibor follow the general line of 
the main ship channel. The shores of the harbor recede from this 
channel, and it can be reached at a reasonable expense only from 
a few points, as at Deer Island, at East Boston, and in the Mystic 
estuary. - 

Deer Island is favorably situated for the discharge of sewage 
into the sea without treatment, and precipitation here appears to 
the greatest disadvantage, as compared with that method of dis- 
posal. 

The northerly shore of Boston harbor, between Deer Island and 
Kast liostou, is very diataut from strong tidal cuiTcuts, and the 
cost of a permanent sti'ucture of sufficient size to convey the 
efQuent from the shore to these currents, and of su^cient strength 
to withstaud the action of stormB, would be so great that any proj- 
ect for precipitation works on the northerly shore of the harbor 
would be too expensive to compare favorably with the cost of 
a project for discharging the sewage untreated into the sea at a 
more distant point. 

East Boston, although near the tidal currents, is already thickly 
populated, and the establishment of precipitation works there, 
covering a lai-ge area, would not fail to arouse great opposition. 
Moreover, the preparation of a suitable site at East Boston would 
be very costly. 

There remain for consideration the localities bordering upon 
the estuary of the Mystic River. The one moat favorably situated, 
as regards topography and preaent occupancy, is in Everett, 
between Maiden bridge and Island End Eiver. It consists of a 
narrow and somewhat irregularly siiaped strip of upland, together 
■with some marah. The upland is mostly a hill, but it runs down 
to a flat, low-lying strip, near the mouth of Island End River, 
conveniently situated for a point of discharge, 

I have made a careful study of the tidal action in Mystic River 
in relation to this locality. If the discharge from the precipitation 
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works were continuoiiB throughout the tide, the efHiient would be ' 
carried by the flood current of mean tides as far as the upper end 1 
of the estuary of the Mystic, and correapoadingly up Blalden 1 
River. During high courses of tides it would be carried conaidei^ 
ably farther up these rivers. These latter tides overflow the 
marshes, and recur about twice a mouth, their height and duration 
varying according to the season of the year and other circum- 



The effluent, being of lighter specific gravity, would require 
time to become perfectly diluted by the salt water. During the 
flood tide flret following its discharge the mixture would be imper- 
fect. Upon the recession of the tide, portions of the impurities 
would doubtless be left entaugted among the grasses and spread 
upon the flats laid bare at low water. This, repeated in varying 
degrees at every tide, might prevent the piissage of an appreciable 
portion of the impurities to the sea, and might lead to unpleasant 
results in warm weather. To obviate these objectionable features 
the effluent should be retained in a reservoir, and the discharge 
should be limited to the early hours of the ebb tide. 

The effect of limiting the discharge to the period between high 
water and half ebb of each tide, or about three hours, would he 
substantially as follows. At the end of the ebb tlie quantity fif 
effluent just dischai'god would have been carried down to the 
Narrows between Boston and East Boston, and would occupy & 
position extending from Fort Point Channel to the junction of 
the Charles and Mystic rivers. During the succeeding flood the 
effluent would be carried back into the Mystic, Charles and Chel- 
se arivers, returning in the Mystic Eiver about to the point of 
discharge, and extending from there to a point below the junction 
of the Mystic and Chelsea rivera. In Charles River it would 
probably pEiss above Craigie's bridge. By this time this effluent 
would be considerably diluted. On the second ebb tide it would 
pass farther into the harbor, and would approximately occupy a 
position from Governor's Island to Fort Point Channel. On the 
second flood snch particles as might be influenced by the currents 
to return again through the NaiTows might occupy a position 
from the dry dock to Chelsea River, or part might return up the 
Charles River to the railroad bridges. On the third ebb the 
effluent would be carried down the harbor to the vicinity of Gov- 
ernor's and Spectacle islands. It does not seem likely that many 
particles would be constrained to return from these localities to 
the river from whence they came. 

In considering the above descriptions, it should be remembered 
that a given body of effluent would soon lose its identity by dilution 
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and mixing, and that its varioua particles would probably follow 
different lines, some of them perhaps deviating greatly from the 
average paths above described. The effect of winds and Btorma 
should also be considered. It should also be remembered that at 
each succeeding ebb a new volume of effluent wonld be discharged, 
and that the positions above described as being occupied succes- 
sively by a given body of effluent would in reality be occupied 
simultaneously by successive bodies of effluent. 

It follows, consequently, that the effluent in various stages of 
dilution would be constantly present in the lower portions of the 
Mystic, Charles and Chelsea riveca. It has been asked whether 
any bad effects would be likely to follow from these conditions, 
the water into which the effluent would be discharged being sait. 
The discharge of an effluent into salt water is extremely unusual, 
and I have been unable to obtain any conclusive information upon 
this point. I would therefore recommend that this question be 
tested by actual trial on a auIDciently large scale, should it appear 
likely that the precipitation method would be adopted. 

Accompanying this report is a plan of the site under consider- 
ation, showing in outline a sketch of proposed preeipitatiou works. 

The sewage flows by gravity to the pumping station, where it is 
raised the necessary height to flow into the" precipitation tanks on 
tte hill. On its way it passes the mixing house, where it receives 
the chemicals that produce the precipitation. These are mixed by 
machinery with proper quantities of water, and the resulting liquid 
flows into and is incorporated with the sewage. The mixture then 
enters the tanks. These outlines are for the intermittent process 
of precipitation, by which the sewage, after being treated with 
chemicals, is allowed perfect rest. After a sufficient period of rest 
the clarified liquids are drawn off and permitted to flow away. In 
the present instance they wonld flow into the reservoir, and wonld 
be discharged into the river at the proper stage of the tide. 

The sludge collected in the bottom of the tanks would be dis- 
chai'ged through suitable channels to the river aide, where it would 
be received into scows, towed down tJie harbor, and deposited in 
deep water in the b.iy. If the process of pressing the sludge were 
adopted, the mixing house would be enlarged to receive the press- 
ing plant, and the sludge would be reduced to the solid form and 
carried in small wagons to the scows. In the solid form it wonld 
occupy a much smaller bulk, and fewer scows wonld be needed. 

The works outlined are proportioned to receive the sewage from 
Woburn, Stooeham, Winchester, Arlington, Belmont, one-fifth of 
Somerville, one-ninth of Cambridge, Medford, Melrose, Maiden, 
Everett, Chelsea and East Boston. The towns of Winthrop and 
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Revere are uot included. The present population of these towua 
is estimated at 150,000. The entire works outlined would provide 
foi' a population. of 300,000. The ordinary sewage is estimated at 
1G,400,000 gallons per d^y Tor a |)opnlalion of 1 JO.OOO, and ii3,- 
800,000 gallons for a population of 300,000. Additional pumping 
capacity has been provided to handle Btoim water. 

Vi'ry many kinds and comhinailions of cheinicala have been used 
for the treatment of sewage. At the present time the methoib 
most extensively used are the lime process and the process based 
upon the use of sulphate of alumina and lime, with or without the 
addition of a small amount of protosulphate of iron, as circum- 
stances may indicate. 

AVith regai'd to the lime process, it may be said that the cost of 
the material is cheaper, but that it produces a larger quantity of 
sludge. Opinions and statistics differ greatly as to the relative 
amounts of sludge obtained by these two processes. All agree, 
however, in showing that the Itme process gives the larger quan- 
tity. The cstra cost of handling this additional amount of sludge 
is considerable ; and from the best comparisons that I have been 
able to make, I believe that this extra cost will very nearly if not 
enth-ely offset the saving in the cost of chemicals when the expense 
of yi'eesiug the sludge is inoliidyd. If the aludge be disposed of 
in the liquid state, the lime process may be a little cheaper. Aside 
from questions of cost, the lime process is said to produce an efllu- 
cut that will become offensive more quickly than that obtained by 
the alumina process. As the effluent in this case would be dis- 
charged in the midst of a populous district, a high degree of purity 
is required. I have therefore used the sulphate of alumina process 
In making the estimates. 

The precise amount and proportions of the chemicals would be 
determined by experiment after the works were stai'ted. For the 
purposes of this estimate, 1 have used the proportions adopted in 
England, where this process ia in use. The cost is based upon 
current prices of the chemicals in Boston. 

Four estimates are given. None of them include the cost of the 
system of sewers necessary to convey the sewage to this site. 
The cost of the sewerage system should be added before compari- 
sons are made with other projects. The estimates are for 150,000 
and for 300,000 population. In the estimate for 1.^0,000 many of 
the items ai'e the same as for 000,000 population, looking forward 
to the immediate growth of the worlis. The design for the reser- 
voir is intended to be the same as the reservoir of the project for 
disciiarging the sewage untreated into the sea ; and I have 
inserted iu the estimate what I understand to be the estimated 
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cost of that reseiToir. This will facilitate comparisons with thj\]b 
project. The first pair of estimates are for the disposal of the 
sludge in a liquid state. The second pair include the cost of press- 
ing the sludge. They show that the pressing process is the most 
expensive at this locality. I believe that the disposal of the sludge 
in the liquid state would give satisfactory results in this case. 
The works could be modified so as to include pressing if the other 
method should not prove satisfactory. The works can and should 
be pperated without causing a nuisance. To that end they should 
be kept under careful management and in a high state of efficiency. 

Conclusions. 

1 . That clariiSed sewage ought not to be discharged into the 
upper portions of the Mystic and Maiden rivers, but that it should 
be discharged into strong tidal currents near the harbor, so that 
it may be dispersed in large bodies of water in a limited time. 

2. That a site on the estuary of the Mystic River appears to be 
the only one that will compare favorably, as regards cost, with 
other methods of disposal. 

8. That tlie effluent should be retained in a resei'voir, and be 
discharged only between the times of high water and half ebb. 

4. That the greater portion of the effluent discharged at a given 
tide would be carried to the harbor during the third ebb, and 
would then be finally dispersed. 

5. That the works can be operated without causing a nuisance. 

6. That, during the passage of the effluent from the works to 
the harbor, it would be continually present in the lower portions 
of the Mystic, Charles and Chelsea rivers, in various degrees of 
dilution, and that experiment is needed to ascertain whether this 
would be a source of offence. 

(A.) Estimate of cost of works for a population of 150,000 ; the pre- 
cipitate being disposed of in the liquid state, (Not including the cost of 
the system of sewers.) 

Land : — 

44^V<j acres upland, at f 2,178, $97,662 

44|Yd acres marsh, at JlOO, 4,444 

Buildings, 6,000 

Precipitation tanks, sludge and effluent channels, etc., . 182,761 

Mixing house, 22,858 

Machinery, mixers, etc., 24,500 

Storehouse, 17,639 

Earthwork and gi-ading, 29,100 

Wharf and trestles, 15,000 
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Iteservoir, t220,000 

Dischargo channel and pier head, 52,000 

Two tug-boats, 130,000 

Six scows, 15,000 

45,000 

Manager's house, 5,000 

1720,964 
Pumping station : — 

Filth hoist and machinery, pump well and foundations, 

engine house, boiler house, chimney, and coal sheds, . 125,000 

Engines and boilers : — 

Two engines (25,000,000 gallons each), . . |100,000 

Two boilers and settings, 20,000 

120,000 

Force mains and valves, 13,000 

1978,964 

Contingencies and engineering, ten per cent., . . . 97,896 

Total cost of works, tl»076,860 

Yearly Maintenance, 

Precipitation, at forty cents per head, 1^0,000 

Sludge removal, . . . 14,052 

Pumping, 13,300 

Depreciation, say 10,769 

Superintendence, . 6,000 

»104,121 

(B.) Estimate of cost of works for a population of f 300,000 ; the pre- 
cipitate being disposed of in the liquid state. (Not including the cost of 
the system of sewers.) 

Land : — 

44 1^^ acres upland, at f 2,178, $97,662 

44yV5 acres marsh, at |100, 4,444 

Buildings, 5,000 

Precipitation tanks, sludge and effluent channels, etc., . 357,863 

Mixing house, 22,858 

Machinery, mixers, etc., 45,000 

Store house, 17,639 

Earthwork and grading, 35,132 

Wharf and trestles, 15,000 

Reservoir, 350,000 

Discharge channel and pier head, 52,000 

Two tug-boats, 130,000 

Twelve scows, 27,000 

57,000 
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Manager's house, $5,000 

Pumping station, 125,000 

Engines and boilers : — 

Three engines (25,000,000 gallons each), . . $150,000 

Three boilers and settings, 30,000 

180,000 

tOYce mains and valves, 19,500 

$1,389,098 

Contingencies and engineering, ten per cent , . . . 138,910 

Total cost of works, $1*528,008 

Yearly Maintenance. 

Precipitation, at thirty-eight cents per head, . . . $114,000 

Sludge removal, 28,105 

Pumping, 29,000 

Depreciation, say 15,280 

Superintendence, 6,000 

$192,385 

(C.) Estimate of cost of works for a population of 150,000; the pre- 
cipitate being pressed 'into solid form. (Not including the cost of the 
system of sewers.) 

Aggregate cost of items which remain the same as in esti- 

* mate A, $703,845 

Precipitation tanks, sludge and effluent channels, etc., . 182,154 

Mixing house, 27,800 

Machinery, mixers, etc., 55,500 

Two tug-boats, $30,000 

Three scows, 7,500 

37,500 

$1,006,799 

Contingencies and engineering, ten per cent., . . . 100,680 

Total cost of works, $1,107,479 

Yearly Maintenance, 

precipitation, at forty-nine cents per head, .... $73,500 

Sludge removal, . . * 8,200 

Pumping, 13,300 

Depreciation, say . . . . ' 11,075 

Superintendence, 6,000 

Total, $112,076 
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(D.) Estimate of cost of works for a population of 300,000^ the prt- 
cipitate being pressed into solid form. (Not including the cost of the 
system of sewers.) 

Aggregate cost of items which remain the same as in esti- 
mate B, $906,377 

Precipitation tanks, sludge and effluent channels, etc., . 365.1 7 J: 

Mixing house, 27,800 

Machinery, mixers, etc , 104,000 

Two tug-boats, $30,000 

Three scows, 7,600 

37,500 

$1,440,851 
Contingencies and engineering, ten per cent., . . . 144,085 

Total cost of works, $1,584,936 

Yearly Maintenance, 

Precipitation, at forty-seven cents per head, , . . $141,000 

Sludge removal, 9,700 

Pumping 29,000 

Depreciation, say ......... 15,849 

Superintendence, 6,000 

$201,549 
Respectfully submitted, 

CHARLES H. SWAN. 

Boston, March 6, 1888. 
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REPORT ON ABSORPTION OP "WATBE 
UPON SAUQUS MARSHES. 



By Fred. Brooks, CmL EnoraiiER. 



I 



HiHAsi F. Mills, Chairman of CommiUee on Drainage, MassachuseUs 
Slate Board of Health. 

Dear Sir: — On Aug. 8, 1888, I was instracted to assume the 
charge of tlie exami nation which waa already io progress for the 
purpose of determining wh«t would be the capacity of the marshes 
near Pinca River to abaoi'b water or sewage, provided the riae and 
fall of tJie tide were prevented by excluding the sea and keeping 
the ground water at about lialf-tide level. 

Salt water pumped up from the marsh was applied so as to 
stand constantly upon the surface, na the first condition (and that 
principally studied). The second condition was wiih water 
applied intermittently, because sewage would be applied intermit- 
tently, if the marshes should he used for its disposal, 

A general plan of the murahes has been prepared (see copy 
accompanying), upon which the positions of the places selected for 
experiment are shown as Stations 1, S, 3, 4 and 6 ; and smaller 
drawings have been made showing the plan of each station. 

Farther on in tliis report arc tabulated results showing the rate 
per twenty-fonr hours at whicli wnter subsides at eacli station. 
In explaining how these reanlts were obtained it is thought simplest 
to describe Station 6 first. 

At Station C, about the middle of July, a rectangle 22 feet by 
12 was inclosed by a low embankment, less than a foot in height, 
which was built upon the surface of the ground without breaking 
the turf; exterior to this, with sides parallel to it and four feet 
distant, another similar embankment was built, which was there- 
fore 30 feet by 20 j and a third likewise surrounding the second 
was 38 feet by 28. 
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Water was then pumped as required upon the inclosed surface ; 
and its subsidence was observed everj two honra, from 7 a.m. to 5 
P.M., by measuring with a simpl* form of liooli-gauge the distance 
down to the surface of the water from a horizontal strip of wood 
fixed above it. The meaaurements were made at three places ; at 
the central. area, here designated as A, and in the narrow spaces 
hetweea the parallel embankments, B between the inner embank- 
ment and the intermediate, and C between intermediate and 
outer. 

The areas (B and C) exterior to the centra! area (A) were kept 
wet in order to insure tbat the experiments upon the central area 
should fairly Imitate sueh conditions as would exist if a lai^e 
part of the marsh had sewage upon it, and should not allow the 
water upon the ceotrnl area to percolate eidewiae into soil which 
was di7 upon the surface, and so give incorrectly too large a 
result. The differences between them in rate of subsidence indi- 
cate that from C, which has the largest rate, percolation does take 
place Dot only directly downwards, but also sidewise into a com- 
paralively dry soil, while from A the water must be supposed to 
be taken care of by the cartb directly beoeath it, the surraundiBg 
soil being kept saturated, or nearly saturated, by the water fi'om 
B and C ; B shows a rate of subsidence between that of A and C, 
as might naturally be expected from its position. This relation 
was maintained regularly, and was very manifest July 29 to August 
5, August 29 to September 3, September 13 to 20, September 26 
to 28. 

The amount of subsidence, however, varies considerably. The 
observations at No. G began about the middle of July, and during 
a large part of the first month the high tide daily overflowed the 
marsh and embankments so as to prevent continuous observation. 
From July 26 to August 5, however, a continuous record was 
secured. To prevent subsequent interruptions a high dike was 
built, August 18, inclosing the experimental areas of Station 6, 
after which date water was generally kept off the space between 
the outer rectangular embankment and this dike. Within the 
inclosing dike were four pits, which enabled it to be seen whether 
water was or was not present in the subsoil. Two, designated 
" W " and " E," fifty feet apart, were only six feet distant from 
the outer rectangular embankment on the west and east sides 
respectively. They were about a foot and a half square and about 
five feet deep, extending into a stratum of sand very pervious to 
water. In these the water stood nearly at the same level as in the 
soil ; for after pumping out one of them, it refilled, the water rising 

it 2.3 feet in twenty-three minutes. During the high range of 
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tides, even after the dike was completed, the water rose ia tlieae 
pits to the surface of the ground and sometimes flowed ont upon 
it. The large pita designated as "near Station I " and "near Sta- 
tion 2 " were fifty or sixty feet from Station 6, and oa aeeount of 
their lai^er area and storage eapauity were leas accurate gauges of 
the water in the soil. During the low range of tides there were 
periods when the gi'ound water waa seen to be down and to stay 
down several feet in these pits, »nd also in the "main ditch" 
which ran along the south-west side of the inclosure, and con- 
nected with the tidal channel only by a tide-valve. Except during 
the low range of tides this ditcli waa completely filled at high 
water by tUe overflowing of the naarah. Generally speaking, the 
lower the water surface stood in these pita, the more rapid was the 
subsidence in the inclosed areas, as the subjoined table shows : — 



DITE. 


WrtuBce flown num 

of thB Qrounil to Iht 

Water In the Pl». 

F'Vt 


pcrMhonn. 


Ang. 30 - Sept. 4 


3.5 


From 2.4 to 2,7 


Ang. 1-2 


2.0 


1.9 


Jaly28-9 


1,5 


i.e 



The diagram of daily Bummaries for August 23 to 30 is in sub- 
stantial conformity with these (Igares ; as were also, in spite of the 
treatment having become intermittent, some of the later obsen-a- 
tions, such us those of September 26 to 30. 

At Stations 1, 2, 3 and 4 the arrangement finally adopted was 
similar to that at Station 6, above described, with the exceptions 
that the embankments were circular instead of rectangular, that 
at and around those areas considerable disturbance of the soil had 
taken place in the earlier stages of the work, and that at them (as 
never at Station fi) pumping of water out of drain-boxes abont 
five feet beneath the ground was resorted to at high water during 
all the latter portion of the observations, with the intention of 
keeping the level of the ground water down where it would be if 
the marshes were drained and the sea excluded by dikes. Stations 
1, 2, 3 and 4 each bad two areas to be experimented npon, on one 
of nhieb the grass was left growiDg, while from the other the turf 
was stripped off and replaced by peaty material of the marsh to 
restore the level of the surface. At Stations 1, 2 and 3 only two 
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embankments were concentric ; their outside areas (C) were of 
irregular form extending to the snrrouncling high dike, grass C and 
stripped C being separate from each other with the puinp-well 
between them. 

Observations were taken every two hours during the daytime at 
the several stations with their subdirisions, and also at niinierons 
gauges in the pita, ditches ancl creeks, so that over three hundred 
readings were taken daily during the busiest part of tha work. 

In order to give a comprehensive view of the esperioaents, there 
have been plotted on a single sheet the more important determina- 
tions of the rate of subsidence in inches per twenty-four hours ; 
from this diagram the average rates observed can be estimated by 
inapectioD, but some corrections are required. 

In the first place, allowance mnst be made for evaporation. The 
observed subsidence is due both to percolation and evaporation. 
The evaporation required to be known for this investigation is, 
therefore, the evaporation actually taking place from small areas 
about 14 feet i-i diameter surrounded by emhankmenta ; this is to 
be applied as a correction by deducting it from the total subsidence 
to get the amount of percolation into the ground. The required 
rate of evaporation was fairly determined by observations made 
upon shallow pans surrounded by low rims, and exposed to the 
snn and wind on the marsh like the esperimental areas, 

Another correction is required on account of the thickness of 
the embankments ; the water is poured upon the surface between 
the embankments, but when it gets beneath the ground it can 
spread into the spaca under the embankment, so that for a fair 
measurement the observed rate of subsidence must be dimin- 
ished in a ratio estimated as 3.14 X (7^)': 3.14 X (fii)-, or about as 
52 to 42. At Station 1 grass, on account of its smaller area and 
proportionally longer embankment, twenty-five per cent, is taken 
as the deduction on tliis account. At the other stations twenty 
per cent, is considered sufficient. 

An addition should be made to the observed rate of subsidence 
for that portion which takes place and is not measured during the 
time of pumping water onto the areas. If this took a quarter of 
an hour in every twenty-four, it would be one per cent. ; it, cf 
course, varies with the rapidity (and resulting quantity) of water 
disposed of, and in the outside areas (C) , some of which are lai^e, 
lid be more than one per cent., while in the intermediate 
(B) it would probably be less than one per cent., which is 
estimated as about the amount of this correction for the central 
areas (A). 

From the lines plotted on the general diagram of the results of 





SENATE— No. 2. 185 

observationa under Varying coEditiona from August 3 to Septem- 
ber 4, the following ostiroate ia made of the general rate of suliai- 
dencc, after makiag tbe varioua corractiong above mentioaed. ; — 



No. 1, grass, 2.7 

No I, stripped, II 

No. 2, grasa, 1.4 

No. 2, stripped 1.2 

No. 3, grass 0.8 

No. 3, stripped, 0.85 

No. 4, grass, 0.15 

No. 4, stripped, 0.11 

No. 6 1.66 

That the rates at the several areas from time to time 
and diminish nearly alike, aa tbe diagram shows, suggests that the 
^^au90 of the variation ia something that affects all together, like 
the weather or the range of the tide. The facta above stated with 
regard to the pita near Station 6 show that for moderate distances 
within the dikes there ia pretty free percolation of water, at least 
in the sandy sub-soil. The central areas experimented upon were 
aa near to the exterior marsh as they were to the drain-box. Hence, 
wheu high water every day overflowed the marsh exterior to the 
dikes, it is improbable that the water-table at the central areas 
was kept down, as desired, to as low a level aa in the pump-wells, 
or that the re.iults of the observations gave a trustworthy determi- 
nation of what would take place were the whole marsh drained by 
excluding the tide, even though some iraperfectiona be allowed for 
(aa leakage through the dikes and accumulation of water from the 
adjacent uplands) , and in spite of the fact that water in the ground 
between proposed lines of drainage would stand higher than in the 
drains themselves. At the other stations, as at No. C, by far the 
'most satisfactory infoi-mation was obtained dm-ing periods when 
the tides ran low, and the marsh generally was not overflowed; 
sncli periods were from May 16-20 (alight rains daily), June '2—7, 
July 1-6, July 29-Aiigust 5 (about one-half inch rain August 1), 
August 30-September 4, September 25, and September 27- 
Ctctober 1 . 

Prom the diagrams of the observationa at dry periods, and for 
Stations 1 , 2 and 6 for the period from August 29 to September 4, 
when tbe rates were observed to be regular, the following estimate 
is made as a fair determination of the rate at which water can 
disposed of at the several places under a continuous treatment. 

For the selected period, August 2d to September 3, the evaporfr' 
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tion as observed is deducted day by day as shown on the dvngram. 
It averages about 0.15 inch per day. 



No. l.graaa 3.7 

No. 1, stripped 1.2 

No. 2, grass, 1.4^ 

No. 2, stripped 1.25 

No. 3, grass, 0.7 .i 

No. 3, stripped 0.70 

No. 4, grass 0.03 

No. 4, Bliipped 0.07 



iNTEimiTTBNT TnKATMEST. 

The question has to be determined whether the water goea down 
faster, and if so, how much faster, when there is air in the void 
spaces of the soil than when they are filled up with water. Fj>r 
this purpose the exterior areas (B and C) being kept wet, the 
central areas (A) are allowed to run dry, and then to rest long 
enough for the water to settle away to sfftne depth b.'low the sur- 
face of the gi^onnd ; the rule adopted was that the intermission 
with the surface dry should be as long as the lime that had been 
required for the disappearance of the quantity of water put at 
intervals upon the area, and was approximately adhered to ; though 
tills was not always exactly feasible, as the disappearance some- 
times took place unobserved in the uight, and the surface of the 
stripped areas shrank away when left dry so as to malie the 
measurement of the depth of water poured upon them somewhat 
nncertain. The best way to compare the subsidence when water 
is kept standing upon the ground and the subsidence when the 
ground has been dried, would be to take the times respectively 
required under the two conditions for the water to go down 
between the same readings on the gauges ; but as the observations 
actually taken extend to different gauge-readings, it affords a larger 
basis of comparison not to limit the comparison strictly to this 
condition. 

Though the result is that on the whole the " aerated " shows 
larger figures than the " saturated," no uniform ratio of excess is 
maintained, and it is probable that the observed differences are 
partly due to difference in the stages of the tide. 

The increased rate with aeration is much less than double the 
rate with saturation ; in the case of aeration subsidence goes on 
for half the time, while io the case of saturation it goes on during 
the whole time ; hence, the intermittent treatment permits the 
absorption of considerably less water than the continuous. 
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The following table contains for compttrison results with soil 
saturated oa the right-hand side, and with soil aerated on the left ; 
the figures are in inches of Bubsidence per twenty-four hours ; — 

Comparison of Sates of Subsidence according as Ike Soil to which Water 
is applied utas previously saturated or previously aerated. 

Station 1 — Orasi. 



Sncdar, Sept. 30 — Mondaf, Oct. 1. 
(O/o) 3.B9 Bud 8.55 (O/a). 



Wednesday, Sept. 23— Friilay, aept.2B. 

(0/0)3.681 f3.77lO/A). 

Und^ 

i.W ) [ 3.95 



Station 1 - Stripped. 


8atnrdBj-,8ept.a9- 


-Sunday, Sept. 3D. 


Wednesday, Sept. 26— Thursday. Sept. 27. 
1.01 


Station 2 — Graii. 


SitDidsr, Sept 29- 
1.6B 


-SDndBr,Sept.30. 


Wodnosdar, Sept, 2B-Tlinr»a«j, Sept, 27. 
i.ll 


Station 2 —SIrippgd. 


|5«tnrd»r,Bept.29- 

D.sg 


-Snnday, Sept. 30. 


Wednesday, Sept. 26— Thnrsday, Sept. 27. 
D.9S 


Station 3 — GraiM. 


1.37* 


0.973 


Station 3 —Stripped. 


1.20 


1.28 


Wb. S. 


SatordiT, 8ept.Z9- 
2.10 


-Sunday, Sept. 30. 


Wednesday, Sept. 26-Thutriay, Sept. 37. 
I.S3 



The compariBon of the different rates of subsidence at the cen- 
tral areas (A) of the several stations requires, for an; aseful 



J 



128 REPORT ON SEWERAGE. [Jan. 

results, to be accompaaiod by a statement of the material at the 
stations. 

The character of the material at each central area wliere observa- 
tions were made was detennincil by digging into it after they were 
completed ; samples tatcen at depths of 1, 2, 3 anil 4 feet lieneath 
the surface were pnt into bottles, marked, and sent to the officers 
of the State Board of Health. At Stations 3 and 4 peaty material 
was foimd all the way down, its bottom being reached at 3 grass, 
5.1 feet down; at 3 stripped, 5.7 feet. At Stations 1, 2 and S 
sand was found at the following depths below the surface : — 

No. 2, grass 1.6 foet 

No. 2, stripped, 1.6 " 

No. 6 1.7 " 

No. 1, grass, 1,75 " 

No. 1, stripped, 2.4 " 




The material other than sand was of a similar peaty character 
in all, except that at No. 2 stripped, at a depth of two feet, there 
was some yellow clayey material i an additional sample of this was 
talieu from a depth of about l.S feet. 

At Station 1 the central grass area (G-/ A) has sand nearer the 
surface than the exterior area C, or than is found outside the dike 
at the marsh adjacent on the north-east. 

On comparison of the grass areas with the stripped areas at each 
station, it is generally found that the subsidence at the grass areas 
was greater, which is explicable on the theory tliat the water 
passes down tJirongh or alongside of the roots of the grass ; that 
it must readily do so cannot be doubted, for the roots extend 
down througli the peaty material to great deptlia, and many of the 
dead ones are pipes of visible calibre. In the cases of Stations 1 
and 2 the slower rates at the stripped areas may be attributed not 
merely to the fact of the stripping, but ailao to the considerably 
greater depth of the peaty mrjterial at No. I S, and to the admix- 
ture of a little clay with the sand at No, 2 S. 

The observations compared should be simnltineons, for at the 
same station different results were found at different times, pre- 
sumably on account of the different conditions of the tide and of 
the atmosphere. 

The simultaneous rates of absorption at the several areas main- 
tained ft fair degree of regularity comparatively to one another j 
and corresponded approximately with the depths of peaty soil at 
tiiose areas respectively ; for the smallest result was obtained at 
Station 4, a small one at Station 3, larger at Station 1 stripped, 
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and larger still at Stations 2 and 6 and Station 1 grass ; but the 
rates at the last named do not vary precisely according to their 
depths of peaty material. Station 2 grass, Station 2 stripped 
and Station 6, may be classed together as having nearly the same 
depth of peaty material and nearly the same rate of subsidence ; 
but Station 1 grass, with no less depth, had double the rate, which 
the writer is at a loss to explain. It is suggested that possibly 
the grass growing at Station 1 may differ from that at Station 6, 
as it seemed on digging into Station 1 grass, A, as if there was an 
uncommon amount of roots. 

Not all the land where the sand stratum was found nearer the 
surface than at Stations 1 , 2 and 6 can be depended upon to give 
a higher rate of subsidence. 

On the south side of Pines River a very hard substratum was 
sometimes found, consisting chiefly of very fine and compact sand, 
and along the edge of the upland there was some admixture of 
clay. North of the Trotting Park fresh water sometimes stood on 
the surface half a foot in depth, so as to preclude the idea that 
there is very free percolation. There are places noted on the plan 
as " sand-bars," generally elevated as compared with the adjoining 
marsh, where sand is found at very slight depth and often shows 
on the surface, though there is muck mixed with it and grass 
growing at all places, with insignificant exceptions. A noticeable 
elevated tract lies north of Bristow Street, which includes some 
of the best material for sewage disposal. 

Inquiries as to the value of the land show that when it is used 
for raising marsh hay, that which is most sandy and best adapted 
for sewage purification is worth the least to the farmer. Some of 
it has been sold as low as $25 per acre, while that with more peat 
brings $75. The Saugus assessors value it all at $50 ; but if it 
should have to be bought for sewage disposal the price would 
doubtless be higher, and may be estimated at $100 per acre. The 
land which is cultivated for vegetables, being higher or protected 
by dikes, may be estimated at from $250 to $400 per acre, the 
former probably being as much as it is really worth, and the latter 
what it could be bought for. The assessed valuation of the land 
included with the Trotting Park property is $7,400 for 64 acres, 
the buildings being valued at $6,800. An estimate of the total 
price of the 598 available acres having less than two feet of peaty 
material above sand is $83,200, as follows : — 

78 acres at f 400, $31,200 

620 acres at 1 100, 52,000 

$83,200 
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Newhall's Spice Mills on Ballard Street near the Turnpike use 
tidal power ; and above the mill, therefore, the water is not allowed 
to go below about half-tide level, as appears from the observations 
made September 24-27, and plotted in connection with the contin- 
uous profile for those days. The area which is thus controlled 
extends along the north-west side of the Turnpike from Ballard 
Stj'eet beyond Bristow Street, the dam marked on the plan being 
for the purpose of preventing the water from finding an outlet to 
the southward. Much of the area used by the mill is land that 
would be of little value for sewage disposal. Instead of paying 
to the owner enough to provide him with equivalent steam power, 
dikes might be so built as not to include this land which he flows ; 
but in that case, on account of the higher level of the water 
outside, the maintenance of the low level witliin would be more 
diflScult. The Saugus assessors value the mill and water privQege 

at $9,000. 

Very respectfully, 

FRED. BROOKS. 
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